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Preface

This "Final Report" is final only in the sense that it covers the
period for which the contract with the Office of Naval Research specified.
The problem is by no means resolved. The synthetic aspects of the problem
are pretty well worked out although one or two questions remain in getting
to the 4-bromo-2,2-diphenyl, and di-p-tolylbutylamine hydrobromides., We
were unable to do as much kinetic work as was expected because of the time
demand of the many difficulties encountered in the synthetic work. HNever-
theless, enough progress was made on the kinetics to point out the necessity
of obtaining very precise hydrogen ion concentrations of the buffers used
and to indicate ultimate success in the entire undertaking., With this in
mind, we plan to submit a recquest for continued support of this prcject in
the near future.

This report is based on the Ph.D. dissertation submitted to the
Graduate School of the University of Southern California by Norman M. van
Gulick in partial fulfillment of the requirements for the Fh.D. degree,

As such, all of the preliminary work on the problem done before the contract
was negotiated is included to give a complete picture.

It is a pleasure to acknowledze the support of the Office of Naval
Research for this work, without which progress would have been quite slow,
The pleasant cooperation of all representatives of the ONR shovld also be
mentioned as contributing to the progress attained. and the satisfaction
of watcning the development of the research assistant from an inexperienced
worker into a collaborator who knew how to make things work, and who had
mmore than a share in originating ideas is the greatest recompense of acadenic
work. In no small measure is the success of this project due to Mr., now
Dr., van Gulick.,

Ronald F. Brown
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I. INTRODUCTION
It is a well-known general rule that the introduction of alkyl groups,

compound strikingly enhances the tendency of that compound to cyclize,
Conversely, a geminally substituted cyrclic compound resists scission to a
far greatcr degree than does the parent unsubstituted cyecle. Since it is
beyond the scope of this introduction to present a full survey of the volumi-
nous literature pertaining to this phenomenon as it obtains in cyclic
anhydrides, lactones, imides, etc,, only a few selected examples of a liore
interesting nature shall be given,

The equilibrium constant ior vhe following ketocyclol tautomeric
reaction is ﬁ-dependent]

0 OH
0=CC-H é-cozu
i Z ———e 4
Atzc 3 e ————— RzC\
CHp-COLH CH-CO. H
I II

Thus, it is found that when R is hydrogen or methyl, the ecuilibrium is
shifted so far to the left that only the keto acid (I) may be detected, On
the other hand, if R, is pentamethylenc, then only the cyclic modification
(II) may be detected. However, if i is either ethyl or n-propyl, then both
forms exist together in the equilibrium mixture.

It has been found that brominated glutaric esters such as III are
thermally unstable with respect to the lactone (IV) and ethyl bromide.?

C2lis02CCHBICR,CHBrCORC,Hs -~ BrCH — Citp + CoHsBr
0=C_ _Ci002C,Hs
0
111 v

If R is hydrogen, the reaction fails to occur, but if R, is dimethyl,
diethyl, or tetramethylene, traces of the lactone may be isolated, while if
R, is pentametliylene, the reaction goes to completion upon slow distillation.
This reaction is given as an example of the geminal alkyl effect, since it
seems reasonable that the reaction uay involve a bicyclic transition state

such as V



0
Br Fd
0
H}/l <.
% —
. i . r
* Cla0a ﬂs

v

It is known that 1,6-diketones are quite stable as such, although they
do cyclize with ease in the presence of acids or bases, However, the tetra-
methyl ketone (VI) exists only in the cyclic form (VII).3

(CH3)»C _CHZ\COCH (CH3).C—CHy OH
(CHz ) ,C— CHy > (CHy)2C— CH” “CH,
cocs COCH,
VI VII

Inzold and Thorpe, publishing numerous papers in the years from 1915
through 1929, were the principal workers in this field and, in fact, were
tne only investigators to offer an explanation for this phenomenon. Thus,
in 1915 the genminal 2llyl effect was postulated to be principelly steric in
nature and the "“Valency Jeflesction Hymolhesis' was proposed.h Leeording
to this hynothesis, a carbon atom will be strictly tetrahedral only if its
four substituents are identiczl., Otherwise, the valence an;les will
adjust themselves according Lo the atomic volumes of the substituents., If
the geminal substituent is & cyclic polymethylene radical, then the externeal
valence angles will adjust themselves in the reimezining snace.

/)

=20
n E

VIII

Some of the calculated valence angles (20 of figure VIII), as obtained by

these workers, are given in Table 1. The starred cyclic groups were assumed

b

to be planar, an error which was corrected in a later naper.



Table 1
R, 2 Rp 260 A2 26°
Ha 115.3 (CHz)a 116.9 (CHp)s, 107.2
(CHs) 109.5 (Cila)a 113.0C (Cliz)g, 105.3
(czujz 107 (CHz)y 109.7 (Cliz)y  103.7

This hyhothesis was used with success to give qualitative correlutions
2
5 . . . f . . . QO
between the vileince an_le 20 aud the ionizalion constants o. malonic™ and

7 9

glutaric’ acids, ana the hydrolysis mtes6 wG o dinole roients’ of malonic
esters, Lven iore spectacula:r ras tine we.onstration of ¢ lineur relotionship
between the cclculated valence an le, 20, auc t:ie lojurith.. of the velocity
constant for alkeline hydrolysis of 5,5—diulkyl—hydantoins.10

The "Valency Deilection iiypotliesis" survived a winor attuck by /.
Huckel]] and still stands today in opposition to modern bonu angle measure-
ments. Indeed, the latest "substanti.tion" of tihis hypothesis appeared in
1942,7

It may not be aiss to consider & possible alternctive to tlhie “deflec-
tion hypothesis" at this point. Certainly it would be uniise to ascune that
the bond an:les of a carbon aton are absclutely constant regardless o: the
nature of the substituents, but bonc cdeflection, if it exists, must certainly
be a second order effect of small n&a:nitude in coimerison to the piofound
effect of substitution on rotationzl isomerism. Of coursec, in the event that
the geminal substituent is either the di- or trimethylene group, valency
deflection must be considered as well as rotutional iso.erism, siince the
external bond an:les are greater thian tetrahedral for these cases.lz’l3 Lince
cyclization recuires the formetion of a crclic transition state frow a
molecule, presumsbly in the ground stale lovest energy linear conrfigurction,
b, & »process of bond rotation, it is clearly seen that rotctional energy
barriers of a staric nature effsctively conuiribute to the aH of c.-clization,
Thus, figures . &nd al show the expected efriect of progressively increasing
the size of the jeridnal substituents upon the snape of the energy-confisuration
curve of the parent compound (I.). The abscissas represent tiue an;le of bond
rotation with resvect to the reference confijurctions indicated. The corve-
sponding confizurationsl energies are plotted on the ordinates in terus of
conpletely arbitrary and mutually independent scules. The radicals X and Y

are functions which for the sake of argument are tuailen to be equal to methyl



in bulk, and which can interact to form a cycle. The foruation of the
transition state requires a rotation of 180° from the reference position and

(] . *
the absorption of energy in the amount of AHrO

t.
H H H //y
X
l 1
Y ¥
0”3 (% I3 C ris Csz
N | N AN
: ;
! L 1
e 8] e
K X ZI
While it is jmpossible to assess the relative magnitudes of AH;ot in this
series, undoubtedly there is a trend of increasing or decreasing AH;Ot with

increasing substituent bulk, ._ntropy efrects are nore eviceut, however, since
the angular distwince between X{ and Y inn thie ground state confipguration would
decrease with incredasing bulk ecrf the jemiiicl grou)s and thence the decrease

in entropy on zoing into the transition state would likewise becone smaller,

For a series of coupounds differing only in the bulk of the geiiirnzl sroun,
it seems reasonuble to write, us an approximstion,
+ + + + + ; +
aH = (aH, + AH, + A + AH + e+ 0) =& AH + C
( 0 I HD rot ) ( rot ).
+ R . . . o > +
AHE refers to the energies of the bonds being fomied and broken; AHI refers

to the inductive effect of the substituents relctive to liydrogen which would
be reasonably constant for alkyl grouns in the adddle of a long chein, and
AHg refers to bond anzle deformetion in the event thet the ring bteinz forved
has fewer than five menbers. For eacii of the AH tcimis tiere is & corresicnd-

d

ing AS tern and so 48" = =(a5]) ¥ (ag] .+ C) likewise. Purther

t
speculation asithout cuantitative deta is wnwarranted, ho.ever, and the
acquisition of such cuantitative deta is tie exnhress Jurpose of the investi-
getion now underway in these laboratories. To this end, then, it vas decided
to exanine the variation of aH" anc 45" for a suituble ¢, clization reaction

as influenced by ;eiinal substituents. & sultable ieaction should be
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mechanistically simple, free from side reactions, and the ring closing opera-
tion rust necessarily be the rate deternining step. Among others, a family
of reactions which meet these criteria are the cyclizations of halo carboxylic
acids, halohydrins, halothiols, and halc auaines to give, respectively,
lactones,lh epoxides, cyclic sulfides, and cyclic imines.15 The helo amine
system vias selected not only because Freundlich16 demonstrated that the cycli-
zation is first order for the unsubstituted halo amines and that it is
irreversible if thie ring lformed has more than three members and free from
side reactions, if the ring formed has five or six nembers, but also because
of the relatively greater synthetic availability of aliphatic amines over
other clusses of compounds, Thus, some of the general methods of preparing
aliph~*ic amines involve reduction of nitriles, amides, oximes, and nitro
compounds; reductive amination of carbonyl compounds; allkylation of armionia
and ammonia derivatives; reaction of Grignard reagents with methoxyamine;
Hofmann rearrangement of amides; and Beckmann rearrangenent of oximes. liore
specifically, the 4-broniobutylamine system was selected because of its large
cyclization rate constant and because the product, & five-mewbered ring, is
tie largest plunar ring possible, This planarity sirmplifies trensition state
geometry, and lurtheruore, a {ive-ieribered ring is large enouch to allow
ample opportunity for substitution., Unfortunctely, the irreversibility of
the system does not allow & s Iy of ring stability. To study the effect

of positional zeminsl substitution, it would be necessary to prenzre 1,1-,
2,2-, and 3,3-dimethyl-4-bromobutylamnines. The effect of the bulk of the
geninal substituent would be sho.m by & comparison of 4-bromobutylamine, and
2,2-¢imethyl-, 2,2-diethyl-, ¢nd 2,2-diisonropyl-4-brouobutyl-~

emines, .Tile examinetion of 2,2-ciphenyl-and-di-p-tolyl-/-bromobutylemines
woulii allow & decision to be wde as to the ..agnitude ol induclive effects
while steric efiects were hela constant,

Unfortunately, we were not able to brings the investigation to a con-
clusion because of the tiie sient in overconing the many difficulties
encountered durinsg the prencration of the various A-browmobutylairines, The
s;ntheses of these difficulty accessible compouinds denonstrate definite
limitations in many of the conventional methods Tor the preparation of
(uaternary-carbon compounds and rweke a valuable contribution to the chemistry

of sterically hindered molecules.,



We did begin the kinetic study. The results are given of the rate
studies at 30° with various buffers. FHoever, vork at other temperatures
and a continuation of the studies with various buffers is necessary to an
understanding of the very interesting results obtained to date.
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II. DISTUSSION

A. Synthetic aspects of the investigation.

The parent compound of the series, L4-bromobutylamine hydrobromide (II),
is the only member which has been prenared previousl;, Surprisingly,
Freundlich, who studied the rate of c;clization of this compound, 6 never
described the method of Lrencration nor the properties of the material wvhich

17

he used, However, both 3lank ' and von Braunls prepared the bromo amine salt
(11) froir h-phenoxybutylamine (I) by cleavage with hydrobromic acid. In

both cases the nroduct was descripbed onl;s 28 a “hygroscomic solid,!

CoHsUCHzCHoCHaBr —E9h G4 Hs0CH, CHoCHo CH T

CeHsOCHzCHoCHoCHoNH, —29+tBLy  BroH, CH,CH,CH H, « HBr
T I1

Repetition of this sequence afforded a good yield of L-bromcbutylamine hydro-
bromide (II) which was adequately characterized,

Another possible sequence for the preparation of 4-bromobutylaiiine
hydrobronide (II) was investigated,

CHy=CHCOoCH, — My 11CCH,CHACO,CHy

111 imalﬂ.,

NH,CH, CiipCliCHa0H —221BIy 17

Iv

Unfortunately, a low yield of 20, in the reduction step (done early in the
work) caused the method to be abandoned. This low rield apparently was due

to isolation difficulties, since the zmino alcohol (IV) proved to be so water-
soluble that it could not be extracted adeauately from aqueous systeus,
However, in view of our develomment of a technicue for decomposing lithium
aluminum hydride reduction mixtures uwith a limited quantity of saturated
aqueous sodium chloride solution to give high yields of amino alcohols, it
would seem that this sequence, starting from readily available methyl acrylate,
is potentially superior to the method of Blank.
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for the preparation of amines by hydrolysis of
the adducts formed from alkyl halides and hexamethylenetetrumine (Hex)
suggested a short and simple synthesis of 4-breomobutylamine hycdrobromide (II):

The Delepine me’c.hocll9

Br(CHz)4Br —2%5 Br(CH,),(Hex)" Br~ —BXy 11
v

Although the quaternary adduct (V) was obtained in quantitative yicld by
allowing a chloroform slurry of the reactants to stand for a week at room
temperature, so much difficulty was experienced in the subsecquent hydrolysis
that this otherwise elegant synthesis failed. Jven prolonged treatrient with
48% hydrobromic acid at the boiling point failed to hidrolyse the adduct
completely, and dark colored tars which smelled of formaldehycde were invariably
produced.

Treatment of 4-bromobutylamine hydrobromide with benzenesulionyl
chloride and aqueous sodium hydroxide under the conditions of the Hinsberg
test gave N-benzenesulfonylpyrrolidine, Cyclization presumebly occurred
before the substitution with benzenesulfonyl chloride since L-bromobutylanine
in the free state huas a half-life of app:roximately one second.16 Thus, the
Hinsberg test feiled as such vhen applicd to bromo butyl anines, although
it does yield useful derivatives. The nickel tests for distinguishing among
primery, secondary, and tertiary umineszo were also misleading when applied
to bromo butyl amines, The nickel test for priiary amines denends upon the
fact that primary amines react instantly .dth an aqueous triethanolemine
solution of nickel chloride and 5-nitrosalicylaldehyde to give insoluble
complexes (VI). Secondary amines, but not primary or tertiary amines, react
instantly with an aqueous ammoniacal solution of nickel chloride saturated

with carbon disulfide to give insoluble nickel dithiocarbamates (VII).

A
—N
\\I;\I . S
v‘.},/ \, %0 N NO, azmésmiscmz
VI VII

These tests are considered general and reliable,20 but since the test media

were alkaline, they failed to give conclusive results vith broumo aaines,
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(Furthermore, as will be seen, these tests sometimes failed with geminally
alkylated amines.) Thus, 4-bromobutylamine hydrobromide gave an instantaneous

test for a primary amine and a slow (one hour) test for a secondary amine,

L -Bromo-1, 1-dimethylbutylamine hydrobromide (X) was successfully pre-
pared by the sequence:

(CHs ) 2CHNO i
3bzse => 02NC§“H3)2CH2CHzCOzCH3

CHp=CHCO,CH,

VIII

VITI LAY HOCH, CHLCHC(CHy )5 H,

X

x 31 HBr, BrCHz CHCiaC(CH; ) oNH, « HBr

X

The amino alcohol (IX) gave anomalous negative tests with both nickel
reagents. The Hinsberg test gave both the expected product (XI) and also
N-benzenesulfonyl-2,2-dimethylpyrrolidine (XII).

C6H5SOZNHC(CH3 )chchQCthH Hzc—?Hz
i
HaC_ /C(CH3)2
!
SO05C ¢ Hs
XI XII

The cyclic derivative (XII) most likely arose by cyclization of L-benzene-
sulfonamido-4,4-dimethylbutyl benzenesulfonate (XI-benzenesulfonate). It is
well known that alkyl toluenesulfonates are as reactive as alkyl bromides in
displacement reactions.2]

L-Bromo-1,1-dimethylbutylamine hydrobromide gave a negative primary
amine test and a slow positive secondary anmnine test with the nickel reagents.,
The Hinsberg reaction gave N-benzenesulfonyl-2,2-dimethylpyrrolidine (XII)
identical with that from 4-hydroxy-1,1-dimethylbutylamine (IX). although
this bromo amine salt was stable in the solid state and when dissolved in
non-hydroxylic solvents, some cyclization with concomitant loss of hydrogen

bromide occurred in aquecus solution, Thus, the pH of a 0.02 M solution
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dropped from 4,6 to 3,0 over a period of two days. This corresponded to
about 5% reaction. Since 4~bromobutylamine hydrobromide was stable in
aqueous solut:i,on,]6 the "geminal alkyl effeci" was established in this series
of bromo amines.

The structure of 4-bromo-1,1-dimethylbutylamine hydrobromide (X)
was established as correct by comparison of the melting points of several
derivatives of the cyclized product, 2,2-dimethylpyrrolidine {(XIII), with
literature values., The N-n-butyl derivat’ve (XIV) has been reported by
Elderi‘ield,22 and the picrate and 2,4-dinitrophenylurea (.V where R is

2,4-dinitrophenyl) have been reported by Buckley and '_-‘,lliott.43
x —NaOH H§ — Cla n-Cy HaBr | HZ(IJ —?HZ HB
HaC_ C(CH3)» H,C  C(CHs)a »Her
NH SN
)
S
X111 e
X1V
HaC —CHy
\ | |
XIII + RNHCONHNO, — HoC  C(Cll)p + N0 + H50
ASNT4
N
CONHR
XV

another scheme for the structure proof was based upon a free radical cycliza-

2L

tion reaction of N-bromobutylamine derivatiives discovered by Coleman,

CH3CHoCHoC(CHy )oNHa ——  CH3CHCHoC(CHs ) 2NHS02C6Hs

VI XVII Bry
HoC — CHa

b ¢—— CH3CHaCiH2C(Cliz ) 5 1IBrS0,Ce Hs
HaC_ C(CHs)

N XVIII

t

S0,CgHs

The tertiary carbinamine (XVI) gave a benzenesulfonamide (XVII) which was
found to be insoluble in both agueous sodium and potussium hydroxide solu-
tions, even above the melting point of the benzenesulfonamide. The lower

homolog, N-t-butylbenzenesulfonamide, was freely soluble in cold aqueous base.
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Thus a definite limitation to the Hinsberg classification test was demon-
strated. Bromination of the benzenesulfonamide XVII was attempted in the
presence of bases such as sodium acetate, sodium hydroxide, and potassium
t-butoxide. In none of the cases was the M-bromo derivative (XVIII) isolated.
The reaction mixtures were directly exposed to sunlight to effect ring
closure, The starting matericl was isolated in each case. That the N-bromo
compound XVIII ever existed may be questioned.

The fcllowing method was successfully used for the preparation of

L-ethoxy-1,1-dimethylbutylamine (XX), a precursor of L-bromo-1,1-dimethyl-
butylamine hydrobromide (X).

C2HsOCH;CHCHoBr + CHsCOCH, —B9 C,HsOCH,CHyCH, (CHs ),0H
[

, NaCN

220 leso,,

H,0 :
CoHsOCHCHoCHp (CHy )oNHy =2~ CoH3OCH,CH,CHoCH, (CHs ) ,NHCHO

X
Since the ether group of the amine {4XX) must be subseguently replaced by
bromine to form the required bromo amine salt (X), it would be desirable to
use phenoxypropyl bromide in the first step because of the case of cleavage
of phenyl alkyl ethers with hydrobromic acid., However, it was found in the
25

literature and confirmed in the laboratory that the Grignard reagent from
phenoxypropyl bromide decomposes as formed, giving phenoxide ion and cyclo-
propane. In contrast, the Grignard reagent from ethoxypropyl bromide was
found to be stable. Steps two and three represent an extension of the
excellent Ritter and Kalish method for the conversicn of tertiary carbincls
to tertiary carbinemines by “SNI cyanolysis."26 The yield of 55% was
unusualiy low for this method and was probably due to hydrolysis of the
ethoxy group in the highly acidic medium. The application of classifica-
tion tests to the etioxy amine (XX) were misleading, since the Hinsberg
test indicated a secondary amine and the nickel tests for both primary and
secondary amines were negative. This behavior is identical to that of the
desethoxy analog, 1,1-dimethylbutyl amine (XVI), as previously described.
The structure of the ethoxy amine (XX) was indeed correct, however, since

cleavage with hydriodic acid and subsequent treatment with benzenesulfonyl
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chloride and aqueous sodium hydroxide produced N-benzenesulfonyl-2,2-dimethyl-
pyrrolidine, identical with authentic material (XII).

It was adjudged of interest to attempt the conversion of the ethoxy
alcohol (XIX) to the ethoxy amine (XX) by the one other satiggactory method

for preparing tertiary carbinamines from tertiary carbinols:

CoHsOCH,CHaCHaC(CHa ) 20H —°2  Co HsOCH,Clp ClinC (Gt ) 2C1
XIX XXI
}- ig v T
—I@ﬁ&fﬁa—) C2HsO0CH, CHaCHoC(CH, )2 NH,

X

2-Chloro-5-ethoxy-2-methylpentane (XXI) had been prepared previously by
treatment of 5-ethoxy-2-methylpentene-2 with hydrochloric acid and was
reported to be thermally stable.28 Hoviever, since this compound, as pre-
pared from hydrochloric acid and the alcohol (XIX) was found to undergo
excessive thermal decomposition upon distillation and only a 35% yield was
realized, the sequence was not pursued.

In principle, !,l-dimethyl-4-ethoxybutyl amine (XX) could be obtained
by the following scheme which involves Hofmann rearrangement of the appropriate
amide (XXIII):

CaHsO(CHp )aBr + CgHsCOCH(CHy), —2M2y 6 1. 0(CH,)5C(Cls )2COCHS

XXII

Nalfa s G H.OCH,CHaCHC(CHs )2 CONH,

AXIII
Br . . ,
Na—Ofi) C2HsOCHaCHoCily (CHy ) 2Nl
XX

The alkylation of isobutyrophenone proceeded smoothly, but subsequent
cleavage of the ketone ({XII) gave a crude partially crystalline product.
Since this could not be purified easily, it was directly subjected to

rearrangement conditions, Only a trace of crude primary amine, as determined
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by the nickel test, was formed and could not be the required amine (XX)
which, as we have seen, does not give a primary amine test., The main
product of the reaction was recovered starting material. It seemed that
the treatment with sodium hypobromite merely served to purify the crude
product from the cleavage of the ketone (XXII) with sodamide., This cleavage
product proved to be 3,3,5-trimethylpyrrolidone-2 (XXV), the properties of
which were identical with those reported by Haller and Bauer for authentic
material from the cleavage of allyldimethylacetophenone with sodamide and
from an independent synthesis.29 These authors proposed, but did not prove,
that their cleavage proceeded normally to give 2,2-dimethyl-L-pentenamide
(KXIV), which then cyclized under the basic conditions.

NaNH
CH2=CHCH20(CH3)ZCOCE,H5—-8'—2-) CHp=CHCH;C(CH3 )oCONH, + CgHsNa

XXIV

('2H2—-—(‘:(CH3)2
———— CH;CH co
NNH 7
pou'j
In order to establish the possibility that 2,2-dimethyl-4-pentenamide

(XXIV) was an intermediate in this unusual reaction, it was prepared from
the corresponding nitrile (XXVI), which was available by alkylation of iso-
butyronitrile with allyl chloride in tgg presence of lithium diethylanide

according to the procedure of Ziegler,

CH, = CHCHpCL + HC(CHa)aCN —22583 il =CHCHC(CH, )2CN
XXVI

~NaOH, o =CHOHC(CH )2 CONH,

XXIV

Indeed, it was found that the amide (X{IV) was converted smoothly to the
pyrrolidone (XXV) upon boiling in a toluene suspension of sodamide,

The addition of bases to olefins (excluding Michael additions) is a
relatively unknown phenomenon., There are a few examples of addition of bases
to double bonds activated by aromatic rings, such as the addition of Grignard

31

: 2
recagents to fulvenes” and the addition of potassium amide to styrene.3

Apparently, the only recorded case of the addition of a base to an unactivated
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olefin was reported by Bartlett, who succeeded in adding isopropyllithium
to ethylene.33 In the light of these examples, it is seen that the
cyclization of the comparatively weakly basic anion of 2,2-dimethyl-i-
pentcneamide is completely unprecedented. Since the concentration of active
hydroger in a boiling toluene suspension of sodamide is rather low, it would
seem that the overall reaction must preliminarily involve the energetically
prohibitive generation of a carbanion from the anion of an acylamide, unless

a transition state of the fsllowing nalure obtains,

7 fs
i
ng: (-) N (-)
H ‘l === H \\\
=~ /
Rol iU, 2:C CR

In order to remove the objection that ammonia amide ion, or even toluene,
can furnish protons, the cyclization was carried out with sodium hydride in
Skellysolve i and found to be quite facile, Furthermore, N-benzyl-2,2-
dimethyl-4-pentenamide, the ion of which lacks the N-H bond, was inert under
the same conditions and could be recovered unchanged. This gives further
support to the proposed mechanism.

Returning again to the formation of 2,3,5-trimethylpyrrolidone~2
(XXV) from the sodamide treatment of 5-ethoxy-2,2-dimethylvalerophenone (XXII),

it was reasonable to assume thut the reaction took the following course.

HoC——C(CH3 ), HoC C(CHs ),
NH,~
C2HsO 2 C. Hs?‘, ‘
H,C-CH, CO HoC-CH  CX0~
/ S AN
¢ Ny i
XXII XXVII

KXVII —> CgHg + CoHs0™ + XMNIV — XXV
The transition state XAVII, giving rise to E2 ether cleavage of the ethoxy
ketone (XXII) and ¢

favored by liinstein

crmation of 2,2-dimethyl-i-penteneamide (XXIV), was

3k as being more likely than an alternate scheme whereby
the n-zative oxyzen initiated the elher cleavage.

le-———?Mez

N\ g
EtQ-CH-CH  (C-NH
ZK—\H & 2

~
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Many examples are known of ether cleavages, which, from inspection of the

35

products, must involve SN2 mechanisms. Less frequently found are authentic
examples of the E2 cleavage of unactivated ethers, and these have only been
observed under the influence of organometallic reagents.33’36’37’38’39
Appafently, there are no recorded examples of E2 cleavage resulting from the
action of sodamide, a weaker base than organometallic reagents. Accordingly,
the cleavage of dibutyl ether with sodamide was attempted. However, after
boiling a suspension of 0.25 mole of sodamide in 200 ml. of pure dibutyl
ether for 16 hours, only a trace of the cleavage product, l-butene, was
formed, a3 determined by treatment of the exit gases with 2,4-dinitrobenzene~
sulfenyl chloride. Since these conditions are appreciably iiore drastic

than those required for the facile clea age of 5-ethoxy-1,l-dimethylvalero-
phenone with sodamide, it may be concluded that the latter reaction is com-
pletely unprecedented.

In concluding the study of synthetic routes leading to the 4-bromo-
1,1-dimethylbutylamine hydrobromide skeleton, the Beclomann rearrangement of
5-phenoxy-1, 1-dimethylvalerophenoxime was investigated. It had been reported
that pivalophenone oxime, a model compound; gave benzonitrile exclusively
upon treatment with phosphorus pentachloride. However, treatment with a
solution of hydrogen chloride in acetic acid was reported to give pival-

40

anilide, In spite of these discouraging facts, pivalophenone oxime was
prepared and subjected to rearrangement under various conditions. Indeed,
the rearrangement with phosphorus pentachloride, even under the mildest
possible conditions, led to the exclusive formation oI benzonitrile. That
the rearrangment with hydrogen chloride in acetic acid gave pivalanilide was
also confirmed. It seemed likely that the benzenesulfonyl chloride method
of rearranging oximeshl might produce the desired result, since the rearrange-
ment occurs in an alkaline environment. Indeed, such was the case, The
rearrangement was carried out in the manner of a Hinsberg reaction. The
benzenesulfonyl ester was unstable and rearranged in situ, giving N-t-butyl-
benzamide in 72% yield. The rearrangement under these conditions followed
two competing paths since the odor of benzonitrile was evident at the end
of the reaction.

Because of the success of the model rearrangement, 2,2-dimethyl-5-

phenoxyvalerophenone (X{VIII) was prepared by alkylation of isobutyrophenone
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with phenoxypropyl bromide in boiling toluene in the presence of sodamide.
Although 1,5 equivalents of isobutyrophenone per equivalent of sodamide
was used to avoid excessive basicity which would lead to cleavage and
cyclization, the reaction was not clean cut, as evidenced by a product
boiling range of 130°. The liquid ketone was not further purified as such,
but was converted into the oxime. The low overall yield (38x) may be
attributed to the high temperature used for alkylation., Undoubtedly
extensive cyclization took place., Beckmiunn rearrangement of the oxime under
Hinsberg conditions produced an 84% yield of N-benzoyl-1,1-dimethyl-4~phenoxy-
butylamine (XXIX).

CeHsO(CHz )3C(CH;3 )2C0CgHg ———> oxime

XXVI1I

CeHsS0,C1
““—‘6b§se2 —> CgHs0CH2CHaCH2C(CH; )2NHCOC 6Hs

XXIX

The amide proved extremely resistant to basic hydrolysis. After
treatment for 6 hours with 20 equivalents of sodium butoxide in refluxing
butanol, 47% of the amide was recovered unchanged. The free amine was
obtained in 25% yield. Potassium nydroxide in refluxing ethylene glycol
likewise failed to afford complete conversion, giving only 18% of the amine.

urtherniore, the latter conditions were drastic enough to cleave the ether
linkage, since phenol was detected in the product.

Acid hydrolysis, using hydrobromic acid, was attempted in the hope
that simultaneous clecavage of the amide and ether functions would lead
directly to the required bromo amine salt. However, the only products
observed were phenol, benzoic acid, ammonium bromide, and a neutral oil
containing bromideand this approach to the synthesis was abandoned.

Obviously, s cission of the C-N bond had occurred, and in order to
elucidate the nature of this reaction, both t-butylamine and N-t-butylbenzamide
were subjected to acid hydrolysis under the same conditions. It was found
that although the former compound was completely inert to scission, the latter
compound cleaved readily to give t-butyl bromide, benzoic acid and ammonium
bromide. The C-N bond is obviously wealened in t-butyl benzamide and a

transition state such as the following one (where R is t-butyl), which is/
similar
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to that proposed for the alcoholysis of t-butyl eas'c.ers,‘+2 seems feasible.
+llH
R-NH-CC¢H
NG Rt
Cther examples of this type of phenomenon are known. Thus, M. S. Kharasch

found that triphenvlcarbinamine is 705 cleaved by 0.05 N aqueous hydrochloric

acid at 100° in one hour although t-butylamine, dimethylphenylcarbinamine,
43

Hickenbottom observed that although t-bhutylamine and N-n-alkylanilines are

and methyldiphenyl-carbinamine are inert under .he same conditions,

unaffected by treatment with hot mineral acids, N-t-butyl aniline is easily
hydrolysed.hb It is now clear why Ritter and Kalish26 used only basic
conditione for the hydrolysis of the N-t-alkylformamides in their elegant
synthesis of t-carbinamines. They make no special point of this fact, how-
ever, and do not mention the difficulties encountered during acid hydrolysis.
The excellent method of Ziegler for using lithium diethylamide in the
alkylation of nitrilesBo successfully served as the basis for the preparation

of members of the 2,2-dialkyl-4-bromobutylamine series, where R may be

methyl, ethyl, isopropyl, phenyl, or p-tolyl.

RoCHCN + CglisOCH,CHBr —23823 G HoOCH,CH,CR,CN
LiAlH,
HBr

BrCHCHaCRoCHoNHp - HBr €=~  (¢HsOCH,CHaCRoCH, NH

Diphenylacetonitrile was a commercial product, but the other di-
substituted acetonitriles were prepared from the corresponding amides by
dehydration with thionyl chloride. The disubstituted acetamides were in turn
prepared from the corresponding disubstituted acetic acids via the acid
chlorides. These transformations were carried out by use of a novel technique
which was developed for the large scale conversion of an acid to the corres-
ponding nitrile in yields of approximately 90% with a minimum of manipulation.
Although this technique is described in detail in the experimental chapter,

a brief outline is appropriate here. A mixture of the acid and a 10w excess
of thionyl chloride was allowed to stand overnight for conversion to the acid
chloride. The crude product containing thionyl chloride was taken up
directly in dry ether and slowly dripped into a solution of liquid ammonia

and commercial tetrahydrofuran which was kept cold in a dry-ice bath,



s 2 i

18
Petroleum ether was added and the slurry was filtered while still cold.
The precipitated mixture of crude amide and ammonium chloride was dehydrated
directly by covering with a solvent such as chloroform or ethylene chloride
and adding a 20% excess of thionyl chloride, After boiling for several hours,
the nitrile was isolated in the usual manner. This method was specifically
designed for acids, such as isobutyric acid, whose amides are so soluble
in water that they cannot be prepared by the usual technique from the acid
chloride and aqueous ammonia without great losses. Isobutyric and diethyl-
acetic acids were commercial products, but di-p-tolylacetic was prepared
by the unusual route:

H>30
C1aCCHO + CgHsCHy —=——*> (p-CHaCgHy)2CHCCLs

NaOR

XX ROH

(p-CHsC gl ) 2CHCOH €12~ (p-CHyCgHy )2C=C(OR),

This roundabout method was used since the proposed reaction of the D.D.T.
analog (XXX) with sodamide to give the nitrile directly did not work.
Dehydrohalogenation occurred instecad. Diisopropylacetonitrile was prepared
by a substantial improvement of ljarshall's methoci.t"5

base : 5
cnz(cogczns)cnm (1-C3H4),C(C0,CoHs)CN

2 steps

KOH, (5 _c,H,)CHON
Use of easily prepared sodium isopropoxide as the alkylation base gave diiso-
propylcyanoacetic ester in easily reproducible yields of 93% and the yield
would have been higher if some dehydriodination had not occurred. Marshall,
using the weaker base, sodium ethoxide, was only able to obtain a yield of
58% in this step. Thus, it is now possible to introduce secondary alkyl
groups into cyanoacetic cster quite uas easily as primary alkyl groups if a
base stronger than sodium ethoxide is used. Upon slowly distilling diiso-
propylcyanoacetic ester from molt.a potassium hydroxide, smooth hydrolysis
and decarboxylation ensued, afiording diisopropylacetonitrile directly in

83% yield. Marshall conducted the hycdrolysis and decarboxylation separately
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in unstated overall yield.i’5

Returning to the main sequence of reactions leading to the 2,2-dialkyl-
L-bromobutylamine hydrobromides, the yields for alkylation of the disub-
stituted acetonitriles with phenoxyethyl broriide where R may be methyl, ethyl,
isopropyl, phenyl, or p-tolyl, were 88, 75%, 25%, 87%, and more than 88%,
respectively. The decreasing yields on going from methyl to ethyl to iso-
propyl clearly indicate the effects of increasing steric hindrance., In
fact, steric hindrance is so great in the last case, as will be discussed
later, that the isolation of any product at all was quite surprising. There
is no literature precedent for the preparation of trialkylacetonitriles with
such bulky substituents by Ziegler's method, or any other method, for that
matter. The yield of 4-phenoxy-2,2-di-p-tolylbutyronitrile is stated to be
greater than 88% since the nitrile could not be isolated at this point and
the crude product was reduced directly to give an 88 overall yield of the
corresponding amine in tl.e second step. Sodamide may also be used in the
alkylation step but is not so easily prepared and handled as is lithium
diethylamide and, in adiition, it gave distinctly lower yields, For example,
the alkylation of isobutyronitrile with phenoxyethyl bromide, using sodamide,
was only 5%, as compared to 88% obtuined with lithium diethylamide.

In the second step of the sequence, reduction was carried out with
lithium aluminum hydride in ether where R was methyl, ethyl, phenyl, and
p-tolyl, and afforded yields of 81y, 800, 905 and greater than 88y, respec-
tively. The use of sodium with 2-butanol as a reducing agent was also tried
in the cases where R was methyl and phenyl. ‘/hen R was methyl, the yield
was only 625, however, and when R was phenyl, the reaction took another
course, giving phenyl 3,3-diphenylpropyl ether in 91 yield along with sodium
cyanide,

CeHsOCH,CHLC(CgHs ) 2CN _a%") CeHsUCH,CHaCH(CgHs ), + NaCN

This type of cleavage is common with nitriles having aryl groups in the alpha
position.h6

The reduction of 2,2-diisopropyl-4-phenoxybutyronitrile with lithium
aluminum hydride in ether proceeded very slowly and incompletely, in comparison

to the vigorous reductions of the other nitriles. Furthermore, the aminc
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isolated was not the expected product, 2,2-diisopropyl-4-phenoxybutylamine,

although the anion (XXXI) of this amine must have been the proximate pro-
duct, since 3,3-diisopropylpyr rolidine was isolated in 9% yield, the starting
material being recovered in the amount of 85%

CeHsOCH,CHaC(i-CaHy)2CHaN 2 —  HaoC——C(i-C3Hy ),
XXXI HoC  CHa 1 CelisO
\N’

Also, a trace of cyanide ion was detected. At the higher temperature of
boiling tetrahydrofurun,lithium aluminum hydride afforded 26y of 3,3-diigo-
provylpyrrolidine, while 49% of the starting material was recovered. No
cyanide was detected in this case. The inordinate instability of the anion
XXXI strikingly demonstrates the profound effect which geminal isopropyl
groups must exert upon ring closures. Sodium and alccohol were also utilized
in the hope of effecting the reduction, since any anion of type X{XI might
be expected to equilibrate with the alcoholic solvent before ring closure
could occur, Howrever, 76» of the starting material was recovered, 11% of a
neutral solid, CyoHasWN0z, was isolated, cyanide icn was detected, and only
a trace of basic material could be obtained. The steric requirements of
lithium aluminum hydride are known to be considerably less than those of
surface active catalysts and less than those of the Ponndorf reagent in the
reduction of sterically hindered carbonyl groups.lﬁ’l+8 nccordingly, it was
felt that catalytic hydrogenation would effect the reduction slowly, but
without cyclization, if sufficiently drastic conditions were used. Of course,
if the conditions should be too drastic, hydrogenation of and hydrogenolysis
of the phenoxy group would occur. Results were disappointing as treatment
of the nitrile with Raney nickel and hydrogen at 100 atmospheres and a
temperature of 100° gave only a trace of basic material of formula C,oH;gN,
the starting material Leing recovered almost quantitatively.,

It was proposed that a 4-alkoxy-2,2-diisopropylbutylamine might
possibly be synthesized if thc less easily displaced methoxy group iere
substituted for the phenoxy group in the general sequence as previously
outlined. Indeed, such was found to be the case. 2,2-Diisopropyl-4-

methoxybutyronitrile was reduced to 2,2-diisopropyl-4-methoxybutylamine in
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92% yield by treatment with lithium aluminum hydride in ether for a period
of sixteen hours.

The dimethyl and diethyl phenoxyamines and the di-isopropylmethoxyamine
were converted readily to the corresponding bromoamine hydrobromides by the
usual treatment with hydrobromic acid. But the diphenyl and ditolyl
phenoxyamines>reacted only sluggishly and gave high yields of the cyclization
products. This was indeed a surprising phenomenon, and no explanation has
yet been devised., Small amounts of impure bromoamine hydrobromides were
eventually isolated, in very low yield. Repetition of these syntheses using
the methoxy group rather than the phenoxy should enable the cleavape step
with hydrobromic acid to be more successful, and this could be the reason
why no difficulty was experienced with the di-isopropylmethoxyamine.

All of the 2,2-dialkyl-4-bromobutylamine hydrobromides in the series
gave negative nickel tests for primary amines and positive tests for secondary
amines, The Hinsberg reaction gave the N-benzenesulfonyl-3,3-dialkyl-
pyrrolidines by cyclization. That these bromoamine salts cyclize readily
in aqueous solution, as does 1,1-dimethyl-4-bromobutylamine hydrobromide,
was demonstrated by the observation that the pH of a 0.01 M solution of
2,2-dimethyl-4-bromobutylanine hydrobromide decreased from a value of 4.13
to 2.92 in the span of fifteen hours. The bromoamine salts may be crystallized
from chlorinated hydrocarbons in which they are quite stable. an exception
is L-bromo-2,2-diisopropylbutylamine hydrobromide. Solutions of this salt
in carbon tetrachloride begin to evolve hydrogen bromide visibly at 50°,

It was necessary to prove the structures of the compounds of the
2,2-dialkyl-4-bromobutylamine hydrobromide series to preclude the possibility
of rearrangement in the ether cleavage step. The recorded melting pecint of
3,3-diphenylpyrrolidine hydrochloride, a known <:ornpour1d,l'9 checked that of
the same compcund as prepared via the cyclization of 2,2-diphenyl-4-bromo-
butylamine hydrobromide. Furthermore, N-benzenesulfonyl-3,3-dimethyl-
pyrrolidine (XXXII), the product of the Hinsberg reaction with 2,2-dimethyl-
L-bromobutylamine hydrobromide, was synthesizedunequivocally by an independent
method (discussed below). Finally, 3,3-di-isopropylpyrrolidine from the
cyclization of the corresponding bromoamine salt was found to be identical

with material from the reduction of 2,2-diisopropyl-4-phenoxybutyroniirite
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HaC——C(CH,y ), HaC —C(CH; ),
| | | I
oc_ CO —Eiﬂlﬂié HZC\ CH,
“NH NH”
HaC —C(CHs)
C6H5502Cl 2' | 2
HoC  CH,
N7
]
S50,C¢Hs
XXXII
Although lithium aluminum hydride has been used for the reduction of N-
phenylsuccinimideso and lactamshg’ﬁl to the corresponding cyclic imines,

the reduction orf N-unsubstituted succinimides with this reagent has not been
reported. It might be expected that the highly acidic hydrogen of succinimides
would interfere in the reduction. Such was not the case, however, and
reduction of as-dimethylsuccinimide afforded 3,3-dimethylpyrrolidine in
80% yield. Since lactams have been reduced with sodium and alcohol,52 this
method was also tried on as-dimethylsuccinimide. However, with ten gram
atoms of sodium per mole, only a trace of low boiling basic material could
be isolated, which, since it failed to give positive nickel tests for either
primary or secondary amines, could not have been 2,2-dimethylpyrrolidine
which gives a strongly positive secondary amine test. The attempted step-
wise reduction of as-dimethylsuccinimide with four gram atoms of sodium
per mole gave only a neutral high-melting bimolecular reduction product,
Cy2Hyg02N2. It was also desired to prepare 4,4-dimethylpyrrolidone-2 for
the purpose of reduction to 3,3-dimethylpyrrolidine, since this lactam is
available in 35% yield from 3,3-dimethylglutaric anhydride by a Hofmann
rearrangement of the corresponding glutaramic acid.53 However, an attempted
duplication of this work gave only a negligible yield of the pyrrolidone,
which was found to be so highly soluble in all solvents that purification was
impossible.

The basic skeleton of 4-bromo-2,2-dimethylbutylamine hydrobromide
could, in principle, be obtained alternatively by kichael addition of the
elements of hydrogen cyanide or nitromethane to ethyl 3-methyl-2-butenoate.

Unfortunately, these additions failed to take place, possibly because of the
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unfavorable steric and inductive erffects of the methyl groups. If the double
bond was doubly activated, houever, addition of nitromethane occurred
readily.

CH3NO, + (CH;)2C=C(CN)CO2C2H Dase, 02NCHaC(CH3 ) 2CH(CN)CO,CoH

2ZHKIIT
Acidic and basic hydrolyses of the nitro ester XYXIII were attempted,.but
it was not possible to isolate any of the desired 3,3-dimethyl-4-nitrcbutanoic
acid. The alkaline hydrolysis yielded tar, which can be expluined by the
fact that alkaline treatment ofszrimary nitroalkanes is known to yield

trimeric condensation products,”™ among other things. 4cid hydrolysis and
decarboxylation produced large quantities of ammonium carbonate and a small
quantity of as-dimethylsuccinic acid., acid treatment of primary nitroalkanes
is known to induce oxidation of the nitro-bearing carbon atom giving
hydroxylamine or armonia and an acid having the same number of carbon atoms.53
As-dimethylsuccinic acid would be the expected product of such a reaction.
Another conceivable route for establishing the basic skeleton of
L=-bromo-2,2-dimethylbutylamine hydrobromide would involve the Hofmann

rearrangement of 3,3-dimethylslutaramic acid (XXXIV).

NHaCOCHo C(CHa ) 2CH,COH 'E%E%T«a—’ 45 COCONHCH,C(CH; ) ,CH,CONa
XoIv XV

The urethane AX{V was produced in low yield along with large quantities of
3,3-dimethylglutarimide which was formed by cyclization of the starting
material in the basic medium. The Hofmann rearrangement of methyl 3,3-
dimethylglutaramate (XXXIV methyl ester) again produced 3,3-dimethylglutarimide
along with & neutral solid of empirical formula C4HgOpNBr, or CgH;0,4NBr,.

No urethane was isolated. along the same line of thought, since the Curtius
degradation could be used with anhydrides, as well as with acid chlorides,

the reaction of sodium azide with 3,3-dimethylglutaric anhydride was tried

but it gave only a negligible quantity of a crude product which was not

further worked up.

1 l,-Bromo-3, 3-dimethylbutylamine hydrobromide (X)XIX) was prepared by a

rather novel method which expressly depended upon the fact that neopentyl

3
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halides are hindered with respect to displacement of halogen by intermolecular
attack. The glycol, 2,2-dimethylbutanediol-1,2 was ccaverted to the dibromide,
and the more reactive bromine replaced by an amino group via the Gabriel

synthesis,

Hzc---c';(cn3)2

I LiAl

oc\o/co -——-—H-‘:a HOCH,C (CHz ) ,CH,CH,0H
KLLVI %PBI‘3

1 \'4d
BrCHaC(CHs ) 2CHoCHp (Phth.) «RXEBEL  Broy o(CH, ),CH,CHyBr

lHBr XAXVIII YVII
BrCH,C (CHa ) »CH,yCH,NH, « HBr
MXHTR (where Fhth., refers to phthalimide)

The only unsatisfactory step was the second one. iepeated attempts to
convert 2,2-dimethylbutanediol-1,4 (MXXVI) to 1,4-dibromo-2,2-dimethylbutane
(XXXVII) with phosphorus tribromide und yyricine under various conditions
gave consistent yields of around 10.. ileaction of the dibromide with potassium
phthalimide gave l-bromo-2,2-dimethyl-4-phthalimidobutane (XiiVIII) in a
yield of 80%. The Gabriel synthesis was carrisd out in dimethylformamide,
an excellent solvent which allows the reaction to proceed at a low temperature
in high yield.57
L-Bromo-3,3-dimethylbutylamine hydrobromide (XXXIX) gave a positive
nickel test for a primary amine and a slowly developing secondary amine
test. Cyclization was instantaneous in aqueous sodium hydroxide and treat-
ment with benzene sulfonyl chloride gave N-benzenesulfonyl-3,3-dimethyl-
pyrrolidine identical to that derived from 4-bromo-2,2-dimethylbutylamine
hydrobromide. Thus the structures of 4-bromo-3,3-dimethylbutylanine hydro-
bromide and its precursors were unecuivocally established., That cyclization
should occur rapidly in base is due to the fact that, although the neopentyl-
type bromide is hindered with respect to intermolecular displacement, the
molecular structure is such that intramolecular displacement may occur
readily. This point is nicely shown by examination of molecular models.
The following alternative sequence for the preparation of 4-bromo-3,3-

dimethylbutylamine hydrobromide (XXXIX) may have been successful on a small
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scale according to indirect evidence.

R .. " CH3“02
HOCH,C(Clis ) 5CHC 0 HOCH,C(CH3 ) 2CHOHCH,NO,

e XLI l (CH5C0),0

te Linlty X )
HOCHaC(CH3 ) oCHaCHplNHy <——=——— (H3C05CH,C{CHy)2CH=CHIIO,
l SOBr, SLTTT XLII
BrCH,C(Cii3 ) 2CHaCHpiiHp « HBY

AXLIR

The addition of nitromethane to hydroxypivalaldehyde (4L) using diethylamine
or scdium methoxide as a catalyst under a variety of conditions zave
completely unreproducible yields of the nitro glycol XLI in the range 0-66.
It was impossible to purify this material which distilled over a range of
100°. Furthermore, since it was difficuli to remove all traces of catalyst
from the nitroglycol because of its solubility properties, the distillation
was quite hazardous. an attempt to avoid this difficulty by substituting
acetoxypivelaldehyde (1L acetate) was nct practical, since the corresponding
product, from which the catalyst can be removed easily by washing wvith water,
was obtained in very low yield.,

L-Kydroxy-3, 3-dimethylbutylamine (iLIII) differed from the isomer
L-hydroxy-1,1-dimethylbutylamine (1X) in tlhiat the Hinsberg reaction gave
only a base-soluble o0il, HOCH,C(Ci3),CHaClailli30,CeHs, which, upon treatment
with benzenesulfonyl chloride and triethylamine, formed N-benzenesulfonyl-
3,3-dimethyIpyrrolidine, identical with authentic material. “'hen L4-hydroxy-
3,3-dimethylbutylamine (XLIII) was treated with thionyl bromide, a small

uantity of gummy material vas obtained which geve a trace of l-benzene-
sulfonyl-3,3-dimethylpyrrolidine under Hinsberyg conditions. This is not
conclusive prouol that the bromeo amine salt (LuIX was formed, since the
sulfonamide, only a trace of vhicn vas isoluted, may have arisen from
L-hydroxy-3,3-dimethylbutylanine.

Some corments on the peculiar properties of acetoxypivalaldehyde
(4L acetate) are in order at this point. The material dccomposed extensively
by several paths upon distillation at &tmospheric pressure. The identified

products were formaldehyde, isobutyl acetite anu a colorless high boiling
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residue which may be the known clim.er.“'8

sven upon vacuum distillation
decomposition occurred, but tc a lesser extent. The distilled material
effervesced for days,; evolvin; an odorless sas, which was presumably carbon
monoxide. Distillation of acetoxypivalaldehyde in the presence of a trace
of toluenesulfonic acid gave rise to still another niode of decomposition,
since an unsaturated gas, perhaps isobutene, could be detected. This unusual
behavior is in direct contrast to that of hydroxypivalaldehyde, which can be
distilled with essentially ro decomposition unless a trace of base is
present, in which case formzldehyde and isobutyraldehyue are formed by a
reverse aldol condendation.

The following transformations represent an alternate synthesis of
L-hydroxy-3,3-dimethylbutylamine (XLIII).

HaC —C(CHj )2
By 1 0CHC(CHs ),CO,NH,
oC  Co
No/ ,
LIV

LIALHe S 4o HCHaCHLC(CHs )2CH,OH

ALIII

deduction of the armonium. salt \LIV proceeded vdith difficulty because of
poor solubility in boiling tetrazhydrofurun and gave only a 16, yield of amino
alcohol. Treatnent of the wmino alcohol with boiling hydrobromic acid gave
274 of a crystalline salt anda a large quantity of intractible gum. The
crystalline solid vas shoim to be L-bromo-2,2-dimethylbutylamine hydrobromide
by comparison oi the melting joint and i-ray powder diajgrair with those of
authentic naterial and by formation or HN-benzenesulfonyl-3>,3-pyrrolidine with
benzenesulfonyl chloride ana acueous sodium hyaroxide. thut L-bromo-2,2-
dimethylbutylamine hydrobromide vras produced in such quantity was unexpected
and indeed surprising, since it must have arisen from an abnormal opening
of as-dimethylsuccinic anhydride. This abnormal opening is not consonant
with either steric or inductive efiects. The isomeric as-dimethylsuccinamic
acids were icolated in the free state but losses were great due to facile
cyclizaticn giving as-dimethylsuccininide.

Phenylhydrazine, a riuch lar;er molecule than ammonia, opened as-dimethyl-

succinic anhydride to give a homogerieous product, but treatient with lithium
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aluminum hydride failed to convert this procduct to 4-hydroxy-3,3-dimethyl-
butylamine (.LIII) in spite of the fact that lithium aluminum hydride is
knowm to effect hydrogenolysis of N-N bonds.”’60

Transformations XL to XLVII represent another alternative scheme for
establishing the skeleton of 4-hydroxy-3,3-dimethylbutylamine (XLIII) and
are based upon an observation by Hartung that esters of cyanohydrins undergo
facile hydrogenolysis at room temperature and under diminished pressure of

hydrogen to give nitriles.éI

HOCH,C(CH;)2CHO —Ys  HOCH,C(CH, ), CH(OH)CH
AL XLV l (CHyCO)C
CH3C02CHC{CH3 ) ,CH,CR ei%— CH3C0,CH,C(Cli3 ) 2CH(0,CCH; )CN
XLVII ALVI

However, the acetate (XLVI) of the known cyanohydrin xy?8 failed to take
up hydrogen at one atmosphere. More drastic ccnditions were not attempted.
Still another alternative scheme, represented by transformations XLVIII
to L, was attempted in the hope of establishing the 4-bromo-3,3-dimethyl-
butylamine skeleton.

TsCl
base

ALVIII XLIX

0N, HoCH,C(CH, ) aCHpui

HUCH,C(Cii3 ) 2CH,0H HOCH,C(CH; ) 2Cii0Ts

L
although 1,3-dibroimo-2,2-dimethylpropane (XLVIII dibromide) does undergo

2
62,63 It was found that
the monotosylate (XLIi) had not reacted with potassium cyanide after fourteen

displacement reactions, forcing is usually required.

hours in boilirg ethanol. Forecing was not tried since dimethyltrimethylene
oxide would undoubtedly have been formed from the monotosylate (XLIX) under
the basic conditions., 1In an attempt to avoid this possibility, 3-methoxy-
2,2-dimethylpropanyl-1 p-tolucnesulion.te (XLIX methyl ether) was prepared
and successfully subjected to forecin:; conditions with potassium cyanide,
Reduction of the nitrile so produced (LI) afforded /i-mcthoxy-3,3-dimethyl-
butylamine (LII)
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CHaOCHZC(CHy )2CHa0N  —ham>  CHaOCH;C(CHa )2CH;CH M,

LI L1I

Treatment of the methoxy amine (LI1) with boiling hydrobromic acid failed
to cleave the sther. Further treatment vith hydrogen bromide in acetic
acid did cleave the ether, but gave only rearranged products of an undetermined
nature.

The last alternative synthesis of the 4-hydroxy-3,2-dimethylbutylamine
skelston which was attempted was based upon the fact that ethyl isobutyrate
may be alkylated with ethyl alpha-bromoisobutyrate in the presence of
triphenylmethylsodium to give dietihyl tetranethyl succinate.eh Since
acetonitrile is considerably less hindered tiian ethyl isobutyrate, one might

expect that it could easily be alkylated with methyl alpha-bromoisobutyrate.
LiCH,CN + BrC(CH3),C05CHy ———> HCCH,C(CH;)>C0,CH,

Disappointingly, the sole isolable products were a trace of neutral solid

of empirical formula C,HgNO3 and considerable quantities of tar.

B. Kinetic aspects of the investigation.

The mechanism of the cyclization reaction of the L-bromobutylamine
hydrobromides may be set up on the busis of a fast equilibrium with the free
amine followed by the slow step in which the amino group engages C, on the
side opposite to the bromine, which when expelled leaves the positive

pyrrolidinium ion. This may be formulated as:

K ,
AT =8 A+ H (1)

K =
A —2> pH + Br (2)
P == p + H (3)

The rate of formation of Br  is

_____dBl‘ = k3n (l")
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To obtain A as a function of Br , the steady state convention is employed, or

j‘g 0 = kAR - kpaoH' - kit (5)

The stoichiometry of the reaction
A, = i + a + PH + P (6)
Br~ - Brg = PH + P | (7)

gives by substituting (7) in (6), and solving for s»H gives (8)
aH" = AH§ - A - Br~ + Brg ()

which, substitued in turn into (5), gives (9).

ki(aHy + Bry - Br-)
A= T (9)
ky + koHY + ky

Substituting (9) into (4) and rearran;ing cives (10).

dBr k]k3
wHy + Bry - Br- Kk, + kH +

dt (10)
Assuming that the hydrogen ion concentration could be held constant, and
integrating between the limits Brg, to Br~ for O to t, gives (11).

Kiks 2.303 aHy
k = - = log ¥ = = (1])
exp.  ky + kol + ks t wHy + Brg - Br

If there is no other source of bromide ion, then nHy = Br, and Br, at the

completion of the reaction (infinite time) is tuice Bry, or

- AHo _ _Brg . Br: - Bré (12)
aHy + Brg - Br 2Bry - Br  Bro, - Dr
Also, since
<NKSCNXVKSLI’) (”Br )( ) (13)
then
Bry = (Np,-)y = r&B)Cl\l("xscm)t (1)

or the concentration of bromide ion at any time is determined by &4 constant
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(the ratio of the normality of the potassium thiocyanate solution used as
the titrant to the volume nf the pipet used for withdrawing samples from the
reaction mixture) times the volume of titrant solution used. Droppi.g the

KON in the subscript, and substituting (14) in (12), and (12) in (11), gives

_2.303, Vo - Vo
kexp. t "°°vt SR (15)

which is the ecuuation used to calculate kexp.'
Before any runs were nade; it was recognized that extensive buffering
would be necessary since with an initizl concentration of amine salt of about
0.01 M, enough hydrobromic acid would be liverated during the reaction to
lover the pH to 2., Rough estimates indicated that an acetate buffer, 1 kM in
each component, salt and acid, would be required to hold the concentration of
hydrogen ion constant enough to avoid & change greater than 1w in the rates
for the start and finish of the reaction. Using the dimethylbromoamine
(see Table I), the effect of changing ionic strength, buffer capacity, and
buffer ratioc was investigated.
= 2.04; 2.04 x 107™4) illustrates
the excellent reproducibility of the system. 'Jith the addition of inert

Comparison of Runs 1 and 7 (ke"“

e

salt, potassium nitrate, as in Run 3 (kexp. = 2.03 x 107%) with sodium acetate
at 1 I, no effe ". wvas noted. However, by maintaining a constant buffer ratio
of 1, and using potassium nitrate to maintain the salt strengthat 1M,
comparison of Runs 7, 6, and 9 shows that kexp. decreases steadily (kexp. =
1.04; 1.80; 1.7 x IO—L) as the buffer concentration decreases. At first
glance, this appears to be a mild Erdnsted general acid or base catalytic
effect. But removel of the inert salt, compare Runs Q and 11 (kexp. = 1.71;
2.10 x IO-A), allows the rate constant to increase. The maintenance of
constant salt strength, a buffer ratio of 1/2 for CH3COONa/CH;COCH, but
decreasing buffer concentration again causes a decrease in kexp. as shown by
quns 2 and 10 (k. = 0.963; G.878 x 16%). «lso these latter runs should
be 1/2 the rates of Huns 6 and 9 if the hyurogen 3on concentration is deter-
mined only by the buffer ratio. Such discrepar.cies precludzd the use of
buffer ratios as a means of calculating the pH of the solutions. In extending
the work it will be necessary to determine the pH of the reaction mixtures

very carefully.
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Table I

Summary of Kinetic Gtudies

§ Buffer k x 10%
i €XPe
G BRESEEnCe Nasc HAac NaF, HF, KNO3 (sec?!) Krel
]
I

5% | BrbutylNH, 2.0 0.5 0.067

12 1 8.5 0.25 0.0266 + .0CO5 1.00
13*1 1,1-dimethyl G.5 0.25 0.055

17 " G5 U.25 0.0584 + .0025 2.19

1 | 2,2-dimethyl 1.0 1.0 2,04 % .06

7 " 1.0 1.0 2.0, £ .02

3 " 1.0 1.0 1.0 2.03 % .02

é L 85 G5 0.5 1.80 ¢ .01

9 " 0.25 0.25 0.75 | 1.71 % .03

1 L 0.25 (.25 2,10 % .05 158

2 L 0.5 1.0 0.5 G.963 + .04

10 " G925 €55 0.75 | 0.878 % .C10

16 L D5 el C.0796 # .0008;

8 d 0.0C47 £ .0005

19 | 2,2=diethyl C.5 1.0 0.299 x .017 591,
L*| 2,2-diisopropyl ! 0.5 1.0 055 56 9190
18*| 2,2-diphenyl 0.5 0.25 140 5250
1L*| 3,3-cimethyl 0.5 0.25 C.00L2 0.158

* Indicates runs which are to be regarded as preliminary results,
and are good only as an indication of magnituda.

#

This value is for ké
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In the meantime, it appears that both the primary and secondary salt

effects are in operation, either on the reaction step of cyclization or on

See, for example, H. S. Taylor and H. A. Taylor, "Xlementary Fnysical
Chemistry," D. Van Nostrand Co., Inc., New York, N. Y., 2nd ed., 1927,
Pp. S44-550.

the buffer equilibria involved. Since the reaction step, (2), is the
reaction of a neutral riolecule to form both a positive and a negative ion,
one would predict that an increase in jonic strength would favor the rate,
a primary effect, but with small maznitude. &t the same time, there would
be little effect on the preceding ecuilibrium except by way of influence
of the salt on the hydirogen ion concentration. This secondary effect could
be large, since the ionic strengtih increase causes an increase in the ioniza-
tion constant of acetic acid giving a higher hydrogen ion concentration for
a given buffer ratio. In tumm, the ionic strength cuauses a change in the
activity coefiicients of the buffer salt and inert salt such thut different
effects will appear at various concentrations. Since the activity coefiicients
of uni-univalent salts generzlly reach a ninimum at about 1 M, and may or
may not increase very ruch at about 2 ki, the constancy in kéxp. between runs
7 and 3, in which the ionic strength goes from 1 to 2, is not surprising.
Likewise the decrease in ionic strength from 1 M to 0.25 i in going from
Run 9 to Run 11, is in a region of rapidly changing activity coefficient, and
the overall effect is to decrease the ionization constant of acetic acid,
increasing the pH somewhat, and resulting in an increase in kexp. fron 1.71
to 2.10 x 1677,

The reaction is cquite sensitive to the hydrogen ion concentration,
and it is a tool which, it is hoped, will be applied to the elucidation
of salt effects in great detail in various buifer systems. From (11), by
taking the reciprocal and rearranging:

1 ke oty ki + ks

16
kexp. 1{] 1'(3 k]k3 ( )

Plotting the reciprocal of the observed rate constant against the hydrogen
jon concentration would give a straight line. The intercept is interesting

since if k; »7 k3, then the value approaches 1/kj, which substituted into the
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value of slope would give Ky, a term not directly measurable by titration
or other methods because of the ease of cyclization of the free base,

Inspection of Run 11 shouws a definite trend to lower values of the
rate constant as the reaction proceeds, with u4 = 0,25. It did not seem
wise to go below this value, and in all subsequent runs the buffer salt con-
centration was made up to 0.50 i..

It was of interest to look into the kinetics of the unbuffered cases.
Rigorously,

H =a+PH +pP+pP ()

but if the assumption is made that ks> k4, then P must be small as compared
to H'. By substituting (7) into (17), and ignoring the cther P, the value
of H' so obtained may be substituted into (9), which on expansion gives (18).
az + (02K 4 g _med) - Kl s BrD - Br) = 0 (18)
ko ka2
Since A is a steady state concentration, then a® << 4, and dropping out
the A® and substituting 4Hs = Brgy, (18) gives (19). Substitution of (19)
into (4), and

x1(23rg - Br ) (19)

A = 1T K, < WaBrg + FabT

rearranging and integrating gives (20), which is still in awkward form.

- DT - =
2.303(k; + k3 + kZBro)logzﬁ;g—:—ﬁ;: + ka(Brg - Br ) = k;kat (20)

By assuming that kpBrgo »» (k; + ki), (20) may be rearranged and converted by

the use of (12) to (14) into (21), which was used in the calculations ror

I{ k 2 . 303 \, st VOO ] ‘Jt =] Vo:x
k! =13 = 1og—2 + = -1 21
exp.  k,Brg % obvt - Ve, t(Vo - Vo ) 2

un No. 8. Using 0.00L7 x 107 as the value of Klyp.s @nd 35.89 x 1074 N
for Brg, the value of K;ks tuirns out to be abcut 4.51 x 10 7,

Using the data of itun ifo. 9, and (16), using H as 1.74 x 1070 ¥
(which is questionable beczuse of the salt eifect of 0.75 ii KNO;3 present),

k] "'k3
Kikj

is 9.0 x 10_6, which is decidedly higher than the expected value on the order

turns out to be 1.99 x 10°. If this value is taken as 1/k3, then K,
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8 0

of 107" to 10“1 . Resolution of this cuestion must await the accurate
determination of H' concentrations in the buffer solutions used,

The effect of change of position of substitution is seen to be large;
for two methyls at the first carbon, the rate is only doubled as compared
to the parent molecule., But at the second carbon, the meximum effect appears,
being 158 x faster. and at carbon No. 3, there is a depression in rate,
being only about 1/6 as fast as the parent. However, the bromine in this
molecule is in a neopentyl position, and the observed rate is a decided
acceleration in rate for such a hindered displacement reaction.

The effect of size is shown in that, on the No. 2 position, ethyl is
3.76 x better than methyl, isopropyl is 50.' x better, and phenyl is 33.2 x
better. This seems to rule out any electronic effects of the substituents
as exerting anything other than a minor influence on the rates, since phenyl
and isopropyl would have opposite electronic effects but similar steric or
vulk factors.

As a speculation, an extension of the explanation of the effect of
geminal substituents given previously (pp. 3-4) might be given.

If one considers the bromobutylimine in the extended configuration as
illustrated, vith C, considered as rixec in space, then the number of other

configurations may be calculated for different rota-

T
Hzf\(]) (3) tional configurctions. ror the time being, neglect
b;::::(z) the rotation about the Cy-N bond. Tien there will be
) . // three favored positions f{or rotation about the C;-C,
(3)¢‘;:C2 bond wherein the amino group will appear at positions
=3y (1), (2) or (3) about C;. similarly, by rotating the
(2) &?;-"(2) CZ—C3Abond, the -CH,Br group will apnear at positions
(3)g@=C (1), (2) and (3) about C3. &nd rotation about C;-C,,
vwill cause the bronine to appear at (1), (2) or (3)
(1)Br about C,. all of these positions represent non-eclipse

configurations for atoms or groups attached to neighbor-
ing carbons. Designate the configuration shom as 12-1 [the amino in
position (1)], 23-1 [the ~CHzBr in position (1)], and 34-1 [the bromine in
position (1)]; or still more simply 111 (reading {rom top to bottom).
Since the carbon chain is oriented north and south, position (2) is chosen

as that rcached by the key group from (1) when the rotation is to the east
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about the chosen C-C bond. Follewing this convention, it is possible to

write 27 different configurations, of which 13 are paired with 13 mirror
images, and one unique structure, the extended conformation as shown. Thus
221 and 331 represent structures closest to and equally likely to be fore-
runners of the transition state leading to cyclization.

If hydrogens are on C, (the parent bromoamine), the molecule has a
wide choice of low energy configurztions for existence. If methyls replace
these hydrogens (as in the 2,2-dimethylbromoamine), then the non-bonded
interactions act to push the amino into C; (2) or (3), and the bromomethyl
group into C3 (2) or (3). This disfavors the extended structure anc 7 other
pairs. Roughly then, the configurational choice is reduced irom 27 to 12,
or the chance of getting into the 221 or 331 states is increased from 2/27
to 2/12!

as the groups on C; increase still more in size, it becomes increasingly
difficult for the bromine to get into positions C, (2) or (3) regardless of
the position of the -CH,Br in C3 (2) or (3). Of the remaining 6 pairs of
states, this renoves another 4 pairs, leavin; only the 221-331, and 231-321
pairs as possibilities. The caunce of getting into the 221-331 state is now
1/21

This discussion hus ignored the height of the energy barrier betiieen
rotational configurations and the relative energies of the configurations.
'hen the entropies of activation becone aveilable, it will be of interest
to refine this approach by introducing such refinements to test the agreement
between prediction and result.

It is unfortunate that time did not permit a more conclusive study.
Obviously, many questions remain unanswered, and it irill be necessary to
obtuain data at several different temperatures and under a variety of condi-

tions before much can be said definitely about this reaction.
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ITII. EXPERIMENTAL

L-Phenoxybutyronitrile., - Trimethylene bromide was prepared from
the glycol, > and converted into phenoxypropyl bromide.66 A solution of
35.8 g. (0.55 mole) of potassium cyanide in 94 ml. of water was added to
a solution of 99.6 g. (0.462 mole) of phenoxypropyl bromide in 285 ml. of
95% ethanol, After heating the mixture under reflux for 14 hours in the
hood, 250 ml. of solvent was removed at the water pump. Next, 70 ml. of
water and 30 ml. of benzene were added, The layers were sevarated and the
aqueous layer was extracted with two 35 ml. portions of benzene, The
benzene solution was successively washed with dilute sodium hydroxide and
water, dried, and distilled to give 71 g. (96, yield) of oil, b.p. 155-75°
(20 mm), Upon redistillation, the material boiled at 158-70° (20 mm) and
soon recrystallized to give L-phenoxybutyronitrile as a low-melting solid.

4-Phenoxybutylamine (I). - A solution of 64.1 g. (0.389 mole) of
L-phenoxybutyronitrile in 174 ml. (1.89 mole) of 2-butanol and 100 ml. of
toluene was added to a stirred slurry of 40.4 g. of molten sodium (1.75

atom) in 150 ml. of toluene over a period of 10 minutes. The mixture was
heated for an additional half-hour. The solution was washed with water
and extracted vwith dilute hydrochloric acid. Base was added and the amine
collected and distilled, giving 54.1 g. (83s), b.p. 148-51° (22 mm).
iarvel remorts b.p., 146-8° (17 mm).67

4-Bromobutylamine Hydrobromide (II). - A solution of 49.5 g. (0.3
mole) of 4L-phenoxybutylamine in 330 ml. of concentrated hydrobromic acid

was dietilled over a pericd of 2bout four hours from an oil bath at 1459,
giving 250 ml. of distilled hydrobromic acid, The solution was evavorated
to dryness at the asnirator and the remaining traces of solvent were removed
by codistillation with ethylene chloride on the steam bath., The residue
was taken up in acetone and decolorized., After concentration, the addition
of ethyl acetate gave 50.9 g. (73/%) of product m.p. 156-8°, The material
was recrystallized from a mixture of 10 ml./g. of ethyvl acetate and 1 ml./g.
of acetonitrile with 90,; recovery, m.p. 157-8°. The pure material was
hygroscopic, but much less so than was the crude material,

Anal, Caled. for C,H,,BrpN: C, 20,60; H, 4.76. Found: C, 20.82;
H, 4.76.
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An attempt to prepare the picrate of the bromo amine by prolonged
boiling of a t-butanol solution of the hydrobromide and picric acid was
partially successful, as the yellow color deepened, but the trace of picrate
could not pe separated from the hydrchromide, which was less soluble in
all solvents., The addition of one equivalent of silver picrate to II
gave vory impure ovicrate, which, after many recrystallizations from ethylene
chloride, had m.p. 110-12°, lelting points of 105° and 127° have been
reported for the picrate.i7’]8

Hinsberg treatment of II gave N-benzenesulfonylpyrrolidine, m,p.
51,5-2.0° from carbon tetrachloride, identical with material from authentic
duPont pyrrolidine,

ilethyl 3-Cyanopropionate (III). - A solution of 172.2 g. (2 moles)
of methyl acrylate, 120 g. (2 moles) of glacial acetic acid, and 2 1. of

95 ethanol was warmed to 35°, and a solution of 260 g. (4 moles) of potas-
sium cyanide in 750 ml. of water was added over a quarter-hour period with
stirring, Stirring was continued for four hours, and then the solution was
allowed to stand for eight hours. Benzene and a saturated solution of
sodium chloride were added and the la;ers were senarated. The agueous
layer was extracted twice with benzene and the comnbined organic layers
were wacshed twice with saturated solution of sodium chloride solution, The
benzene solution was distilled at atmospheric pressure to remove the bulk
of the benzene and then subjected to vacuum distillation to give 152 g.
(67,) of oil, b.p. 72-90° (1 mm).

L-Aninobutanol (IV). - A solution of 57 g. (0.5 mole) of cyanoester
(III) in 600 ml. of absolute ether was added dropwise with stirring to a
mixture of 26,5 g. (0.7 mole) of lithium aluminum hydride and 750 ml. of

absolute ether. During the addition, a gummy white precinitate was formed,
After the addition was completed, the mixture was stirred for two hours on

a warm water bath, after which time the gummy mass had disintegrated into

a white powder, Sufficient water was added dropwise to destroy excess
lithium aluminum hydride, and 325 ml. of concentrated hydrochloric acid

was added, All material was brcught into solution by warming. The acid

* See p. 39 for a superior method of decomposition of lithium aluminum
hydride reductions, the product of which are hydroxyamines,
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solution was extracted with ether to remove non-amine impurities and then

added dropwise to 400 g. of sodium hydroxide as a 335 solution. Not all

alumina formed went back into solution, however, and it was found necessary

to heat the mixture to boiling. The solution, after allowing to cool,

was filtered and extracted five times with chloroform, Distillation gave

9 g. (206 yield) of oil, b.p. 201-205°, Henry reported b.p. 206°, é8

4-Aminobutanol was converted to 4-bromobutylamine hydrobromide by the

procedure that was used with 4-phenoxybutylamine (I).
Hexamethylenetetramine Adduct of Tetramethvlene Dibromide (V). -

A mixture of 44 g. (0.2 mole) of tetramethylene dibromide, 84 g. (0.6

mole) of hexamine, and 500 ml. of chloroform was heated on the steam bath

for 5 minutes to bring most of the hexamine into solution. The mixture was
allowed to stand for one week, during which time the hexamine slowly
dissolved as the reaction proceeded. The adduct was filtered off, washed
with chloroform and dried. It weighed 71.4 g. (1005). The melting point
of the adduct varied from 140° to 160° (with decomposition 10° below the
m.p.) depending upon the batch and was not a good characteristic constant
for the compound.

One gram of adduct was warmed with 2 ml. of concentrated hydrobromic
acid for an hour on the steam bath., The hydrobromic acid was removed in
vacuo and the solid was extracted with chloroform, The solution was evanora-
ted to dryness and the residue crystallized from ethyl acetate, Recrystal-
lization from ethylene chloride afforded a small quantity of colorless
hygroscopic needles, m.p. 151-4°,

lihen the above procedure was applied to 172 g. of adduct, intractable
dark-colored tars resulted., Similar treatnent of 71.4 g. gave a dark tar,
which was further treated with hydrogen bromide in acetic acid, The latter
more drastic treatment was ineffective likewise., A slight odor of formal-
dehyde was still noted above warm acidic solutions of the tar, even after
all of the foregoing treatment,

Methyl A-.iethvl-4-Nitropentanoate (VIII). - The directions given by

Bruson were followed.69 Forty-three grams (0,5 moles) of freshly distilled
methyl acrvlate was added dropwise, with stirring, over a one-hour period,
to a solution of 44.5 g. (0.5 mole) of comrercial 2-nitropropane, 25 ml,

of t-butanol and 6 g. of Triton B (354 in methanol), The temnerature was
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maintained between 35° and 40° during the addition. The mixture was then
stirred for five hours at 25-300, made acid to litmus with dilute hydrochloric
acid, and extracted with ethiylene dichloride. The organic layer was
washed with water and distilled at the water pump to remove solvent. The
residual oil was vacuum distilled; giving 75 g. (86,5 yield) of blue liouid,
b.pe 95-105° (5 mia).

L-Hydroxy-1,1-dimethylbutylamine (IX). = A solution of 4L g. (0.25
mole) of methyl L-methyl-l4-nitropentoate in 125 ml. of ether was added

dronwise to a stirred refluxing slurry of 23.7 g. (0.625 mole) of lithium
aluminum hydride in 700 ml. of ether, Therate of acddition was giverned

by the canacity of the condenser. ileating was continued for 30 minutes.
After the addition, the reaction mixture was decormosed by slovily adding
192 ml. (2.5 moles) of 2-propanol with cooling. ilext, 156 ml. of saturated
sodium chloride was added and stirring was continued for 15 minutes to
break up the lumps of inorganic muterial. The mixture was filtered and the
filter cake was washed with a wixture of two parts of 2-propanol and 3 narts
of ether. The solvents viere renoved from the anino alconol solution in
vacuo. leaving a blue oil, which was distilled at 13 mm. to give 21.5 g.
(74,0) of blue product, b.p. 100-120°, Partial crystallization occurred
upon standing.

Tne blue color undoubtedly arose from an impurity in the original
nitro ester, which was bilue when freshly prepared. Purification of the
auino alcohol was attempted throu;h the formation of a suitable salt.

The picrate, p-chlorobhenzoate, trichloroacetate, citrate, maleate and
p-toluenesulfonate wvere all found to be liquids as initially vorepared,
although the last salt crystallized ot the end of a week. The oxalate was
found to be a solid.

A solution of 8.9 g. (0.07 mole) of oxalic acid dihydrate in 1005
ethanol was added to a solution of 16.2 g. (0.14 mole) of the crude amino
alcohol in 1006 ethanol. The salt (13.8 g., 635) was collected and re-
crystallized several times {rom ethanol containing a small amount of methkanol.
During this nrocess, the m.p. decreased from 206.7°d. to 199° d.

Anal, Calcd. for Cy4H33N;0¢: C, 51.83; H, 9.94. Found: C, 52.05;
H, 9.70,
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The oxalate, although not very hygroscopic, did absorb moisture from the air.
The oxalate may alternatively be prepared in acetone or in ether, which

are good solvents for hydrated oxalic acid, but the prcduct sc obtained

was usually oily. Since the oxalate is slightly soluble in ethanol, es-
pecially in the crude state, 2-propanol was a more satisfactory solvent

for the preparation. The low yield of oxalate was due to the fact that the
anmount of oxalic «cid which was used was calculated on the assumntion that
the amino alcohol was 100, pure, Since this was not the actual case, the
oxalic acid was in excess and excess oxalic acid diesolves the precipitated
diamine oxalate with the forination of the very soluble amine hycrogen ox-
alate,

The nure amino alcohul was liberated from the oxalate by treating a
solution of 9.0 g. of the salt (0.028 mole) in 150 ml. of absolute methanol
with a solution of 1.6 g. (0.056 atom) of magnesium in 100 ml. of absolute
methanol, The supernatent liquid gave a negative test for magnesium with
oxalic acid, The precipitate was digested, centrifuged, and washed twice
with methanol. The methanol was remnoved from the clear solution by distil-
laticn and the residual oil was distilled to give 5.8 g. (90.:) of colorless
hygroscopic product, b.p. 108° (15 mm). The product co..vletely solidified
upon standing, f.p. 42.5°.

Treatment of the oxalate with either one or two equivalents of tenzene-
sulfonyl chloride and acueous potassiws hydroxide gave two products in the
same ratio, but in var;ing total yield. The major product, N-benzene-
sulfonyl-2,2-dimethylpyrrolidine (XII) was insoluble in base, It was
crystallized from methanol, m.p. 62-3°,

Anal, Caled. for C,pH;,N0;S: C, 60.22; H, 7.16., Found: C,

60.43; H, 7.28.

The minor product, i-benzenesu® fonyl-4=aino=-4-methyl-nentanol-1 (XI),

was soluble in base, It was crystallized from Skellysolve B and recryvstal-
lized from aqueous methanol, m.p. 93-4°.

Anal, Calcd. for C,H;sl'03S: C, 56.00; H, 7.44k. Found: C,

56.22; H, 7.19,

L-Bromo=1,1-dimethylbutylanine Hydrobromide (X). = A mixture of
3.24 g. (0.01 mole) of the oxalate and 20 ml., of concentrated hvdrobromic
acid was distilled from an oil bath at 150° until 15 ml. of distillate
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had been collected. The remainder of the hydrobromic acid was removed
in vacuo. The solid was dissolved in chloroform and the last traces of
hydrobroiic acid were codistilled. After concentration, ethyl acetate was
added, preciyitating 4.52 g. (87,0) of amine salt, m.p. 179-80° (oxalic
acid remained in solution), The salt was recrystallized several times from
ethylene chloride with little loss and no change in m.p. The material can
also be crystallized from acetonitrile (5 ml./g.).

Anal, Caled. for CgH,¢BrpN: C, 27.61; H, 5.79. Found: C, 27,51;
H, 5.63.
The use of the oxalate salt gave a practically colorless nroduct directly.
The crude blue amino alcohol prave a lower yield (30%) of black product
upon hydrobromic acid tre.tment,

The Hinsberg product was N-benzenesulfonyl-2,2-dimethylpyrrolidine
(XIII) (m.p. and .iixed m,p. with material from the amino alcohol).

The pH of a 0.02 molar solution varied with time as follows:

time (min,) pH
(0) 4,60
35 4.00
85 3,80
1030 3.30
1930 3. 14
2440 3,04

_ 1

2,2-Dinethyloyrroiidine (XIII) was prenared from 4-bromo-1,1-dimethyl-
butyla.iine hydrobroiuide by treatment with agueous sodium hydroxide. The
amine layer was separated and dried first with notassium hydroxide and then
with calciwa hydride. Distilletion afforded 61,0 of product, b.p. 106°,
Buckley and Elliott reported h.p. 105-60.23 The yicld was remarkable as

no extraction solvents were used to aid in the isolrtion of the hygrosconic
base,

The 2,4-dinitrophenylurea derivotive (XV) (m.». 129-30°) and the
picrate (m.p. 186-7°) were prepared according to the directions of Buckley
and Elliott, who renort melting npoints of 131° and 190-1° resoectively.23

2,2-Dimethyvlopvrrolidine Hvdrobronide. - In an attemnt to nrenare
1-butyl-2,2-dimethylpyrrolidine hydrobromide (XIV), 1 g. of AL-bromo-1,

1 =dimethylbutylamine hydrobroiiide was tre:ted with aoueous sodiun hydroxide
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and the upper layer of 2,2-dimethylpyrrolidine was taken up in ether and

the resulting ethereal solution was dried with magnesium sulfate. Butyl
bromide (5 ml.) was added and after standing for 2 weeks, the hygroscopic
crystals of product were collected and recrystallized from ethylene chloride,
m.p. 173-4°, Since this was not the m.p. of the H-butyl comnound, a sample
of 2,2-dimethyloyrrolidine hydrolromide was prepared from the free base
(liberated by alkaline treatment of the bromo amine salt) by neutralization
with hydrobromic acid. The hygroscoupic salt was found to have m.p. 173-

L°, The mixed m.p. was undepressed.

1=-Butyl-2,2-dimethyloyrrolidines Hydrobronide (XIV). = One gram

of 4-bromo-1,1-dimethylbutylariine hydrobromide was trested with aqueous
sodium hydroxide and the nyrrolidine layer was separated and dissolved in
methanol. Butyl bromide (3 ml.) and 2 drops of phenolnhthalein were added.
The solution was allowed to stand one week, during which time small amounts
of 25% sodium hydroxide iere neriodically added to maintain slirht alkalinity,
and to prevent the separation of the voorly soluble 2,2-dimethylpyrrolidine
hydrobromide, The solution was treated with hydrochloric acid and evanorated
to dryness., The solid was taken up in base and the amine layer was separated,
The amine was heated with acetic anhydride in benzene to destroy unreacted
pyrroliidine, The benzene solution was extracted with dilute hydrobromic
acid. Lvaporation of the acid solution in vacuo left a brown soll. which
was recrystallized several times from an ethylene chloride and carbon
tetrachloride mi>ture, once from ethyl acetate, twice from dioxane, and
once more from ethyl acetate with a few drops of acetone to give 0.3 g.
of white crystals, '/ith recrystallization, the salt becaue less hycro-
scopic and the m.p. was raised from 144-5.5° to 146-7°, Elderfield2”
reports m.p. 148-9,5% for this comnound,

Anal, Calcd. for CyoHz2BrN: if, 5.93.
Found: N, 6.06.

2-Hethvlpentanol-2. - 4 solution of 136 ml. (1.5 moles) of nropyl

bromide in 500 ml. of ether was added over a period of one hour to 36.5 g.
(1.5 atom) of ma-nesium in 300 ml. of ether. The mixture was hested under
reflux for 0.5 hour after the addition, and then cooled, A solution cf

110 ml. of acetone in 150 ml. of ether was added droowise over a veriod of

0.5 hour. The mixture was heated under reflux for 0.5 hour, Decomnosition
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was effccted by the addition of 215 ml. of saturated ammonium chloride
sol'ition. The ether solution was distilled to give 116 g. (76%) b.p.
115-130°, redistillation gave 111 g. (735), b.p. 116=125°, Henry °
lists b,p. 122-3°,

2-iiethylpentylamine=2 (XVI). - To a mixture of 126 ml. (1 mole) of
2-methylpentanol-2, 125 ml. of acetic acid, and 51.8 g. (1 mole) of 95%
sodiwn cyanide, was added a solution of 136 ml., <f conc. sulfuric acid and

125 ml. of acetic acid over a period of 30 minutes with stirring, under

a hood. A cold water bath was used to maintain the temperature between
50 and 60°, The mixture was stirred for 0.25 hour after the addition and
allowed to stand overaight. A condenser was attached and a solution of
500 g. of sodium hydroxide in 1750 ml. of water was added through the top.
After heating under reflux for 7 hours, the amine was steam distilled into
100 ml, of conc., hydrochloric acid, The acidic solution was extracted with
benzene, decolorized, and made basic with 33, sodium hydroxide. The amine
was separated and the basic solution was extracted with ether. The amine
and extract were combined, dried with potassium hydroxide, and distilled
to give 75 g., b.p. 99-104°, Eiontagme71 renorted b.p. 101-3°, The amine
was found to be highly volatile and therefore the ether forerun and the
residue were acidified with hydrochloric acid and evanorated to drymess.
The residue was crystallized from chloroform-uthyl acetate and recrystal-
lized from 2-propanol-ethyl acetate to give &£.5 g. of the amine hydro-
chloride m.p. 207-8°, Bewad72 listed m.p. 190-98°, The total yield was
80%. The amine salt was found to give the same benzenesulfonamide as the
liouid amine,

N-Benzenesulfonyl-2-methvlpentylamine-2 (XVII), - A mixture of
10.1 g. (0.10 mole) of amine, 15.4 ml. (0.12 mole) of benzenesulfonyl
chloride, 12 g. (0.30 mole) of sodium hydroxide and 90 ml. of water were

shaken for several minutes. The crystalline product was filtered off and
crystallized from Skellysolve B to give 22.7 g. (95,9) of product, m.p.
89-90°, The analytical samnle was recrystallized several times from
Skellysolve B and finally from methanol, lowering the melting point to
88-9°,

Anal. Calcd. for C;,H,¢1/0,S: N, 5.830.
Found: N, 5,38,
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The sulfonamide was degraded by hydrolysis in order to verify its
structure. A mixture of 13 g. of the sulfonamide and 70 ml. of conc.
hydrobroinic acid was distilled at a bath temperature of 150°, The oil was
decanted from the distillate, washed with water and dried, Two distillations
afforded a low boiling unsaturated fraction, b.p. 40-70° which instantaneously
added bromine, and a iiquid of b.p. 131° d. which instantaneously re-
acted with silver nitrate, Favorskii73 renorted for 2-bromo-2-methyl-
pentane, b.p. 77-78° (145 um). The corresponding boiling point. at. 760 ma.
was estimated to be 1329, Timmermans7b listed 2-methylpentane-2, b.p.
€7.3%

A methanolic solution of the sulfonanide with sodium acetate as a
base instantaneously decolorized bromine. The solution was placed in the
sun for 2 days. A negative starch-iodide test was obtained and acddition of
water nrecinitated unchanged starting material as the sole rroduct, Be-
havior with sodium hydroxide was sinilar. The sulfonamide was dissolved
in a splution of potassiumn t-butoxide in absolute t-butenol. The solution
instantl; decolorized bromine, and after 2 days in the sun, the starch-
iodide test was found to be ne:rtive, In working up the mixture, the
product was accldently evawrated to dr:mess and charred. The sole isolable
product from the tar was benzenesilfonaide (m.p. and mixed m.p. with
authentic sa:.nie).

An attempt was made to nrepare nhenorypropylmagnesium bromide by
adding a solution of 99.6 g. (0.5 mole) of nhenoxypropyl bromide in 200 ml,
of ether to 13.4 z. (0.55 ~tom) of marmesium in 100 ml. of ether. The
formation of a uhite precinitate durin~ the reaction necessitated adding
200 ml. of benzene to maintain homogeneity. it the end of the reaction,
Gilman's test8
73.5 ml. (0.55 mole) of acetone in 100 ml. of ether was added. After de-

: for Riig{ was ne_ative, and no thermal effect was noted when

comnosition with saturated a moniun ciiloride, the ether was decanted and
extracted with 20, sodiwa hydroxide to remove phenol, Lvaporation of the
ether left a white solid wiich was crystallized from Skellysolve B to give
2 g. of crystals, m,p. 82-3°, This was undonbtedly the 'urtz product,
1,6~dinhenox;i.exane, for vhich m.p. 83° was reported.75

3-iithoxyoropanol was prenared in 45, yield from ethyl bromide and

the monosodium salt of trimethyleneglycol, using an excess of the glyvcol
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as the solvent according to the procedure of Smith and Sprung76

who
claimed a 654 yield. Because of the unworkable viscosity of the alkoxide
solution two further runs were made, using dimethylcellosolve as a diluent
in one case and toluene in the other. The yields were L4, and 36},
respectively.

3-Ethoxypropyl bromide was nrepared in a 344 yield from the alcohol

using phosphorus tribromide, according to the method of .!‘xnder'son.T7 ‘/hen
their prccedure was modified, however, by using pyridine to neutralize
free hydrogen bromide, which mi-ht cleave the ether, a yield of 7i, was
realized,

A solution of 247 g. (2.47 moles) of 3-ethoxypropanol and 47.5 ml.
(0.59 mole) of pyridine was added slowly (2 hours) with stirring to 90 ml.
(0.95 mole) of nhos~horus tribtromide in an ice bath., The mixture was
then heated to 75° for one hour., Aftesr cooling, the liouid vphase was
decanted from the nyridine salts, which wiere washed with benzene, The com-
bined solution was wished successively with water and saturated sodium bicar-
bonate solution, dried, and distilled throush a Vigreux column, The
fraction, b.p. 135-55°, was collected and found to be slightly acidic,
It was ajain washed with saturated sodium bicarbonate, dried, and distilled,
The product, b.p. 145-55°, weighed 287 . {(7is).

5-Ethoxy-2-methylnentanol-2 (AIX) was prepared by adding a solution
of 161 g. (0.965 mole) of 3-ethoxyrropyl otromide in 300 ml. of ether to

26.6 g. (1.1 aton) of magnesium in 200 ml. of ether with stirring, the

reaction being started with ! ml, of methyl iodide., after the addition,
which recuired 1.25 hours, the mixture was boiled for one hour. After
cooling in ice, 85 inl, (1.2 mole) of acetone in 85 rnl. of ether was aaded
over a period of 0.5 hours. Toward the end of the addition, the mixture
became almost solid with preci»itated salts, necessitating the addition
of 100 ml, of ether to increase the fluidity. The uixture was heated under
reflux for 0.5 hours, and then deconsosed with 165 ml, of saturated ammonium
chloride., The ether solution was decanted and distilled, ziving 105.2 g.
(75/4) of product, b.p. 175-188°,

In order to gain familiarity with the method of Ritter and Kalish26

for converting a tertiary alcohol to the corresnonding amine through
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"SNI cyanolysis," t-butylamine hydrochloride was prepared in 61:% yield
according to their directions, which claim an 81% yield,
L-Lthoxy-1,]1-dimethylbutvlamine (XX), - In a 250 ml, Erlenmeyer
flask was placed a mixture of 36.5 g. (0.25 mole) of 5-ethoxy-2-methyl-

pentznol-2, 13 g. (0.25 mole) of 95% sodium cyanide, and 31 ml, of acetic

acid, A solution of 34 ml., of conc. sulfuric acid in 31 ml, of acetic acid
was added portionwise over an 0.5 hour period wicvh shaking., The tempeiature
did not exceed 55° during this operation, The flask was stoppered and
allowed to stand overnight., After the addition of 150 g. of sodium hydroxide
in 310 ml. of water, the mixture was heated under reflux for five hours
and then steam distilled. Conc. hydrochloric acid (21 ml., 0.25 mole) was
added to the first 400 ml. portion of distillate, which contained all of
the amine, After ether extraction to remove insoluble o0il, 40 g. of sodium
hydroxide in 50 ml. of water was added to liberate the a.ine which was
extracted with ether., The extract was dried and distilled, giving 20.1 g.
of amine (550 yield), b.p. 170-80°, which was characterized as the picrate,
m.p. 118-20° from chloroform.

Anal. Calcd. for C,4Hz,5N40g: C, L44.92; H, 5.92; N, 14,97, Found:
C, 44.86; H, 5.99; N, 15.71.

Concentrated hydrochloric acid was added to 0.327 g. of the picrate
in a minimum quantity of water. Tiie nicric acid was filtered off and the
solution was basified and steam distilled, catching the distillate in 2 ml,
of concentrated hydriodic acid. The distillate was evaporated to driyness
in vacuo and 2 ml. of acetic acid and 2.5 ml. of concentrated hycriodic acid
were added, After hezting under reflux for 1 hour, the solvent was removed
in vacuo, water was added and an oily impurity was removed by extraction
with carbon tetrachloride, Basification and treatment with 0.3 ml. of
benzenesulfonyl chloride gave N-benzenesulfonrl-2,2-dimethylpyrrolidine,
m.p. 52-3° from Skellysolve B. The mixed m.p. with authentic material
(m.p. 63.5-64°) was 63-63,5°,

2-Chloro-5-ethoxy-2-methvlpentane (XXI). - A mixture of 105 g.
(0.72 mole) of 5-ethoxy-2-nethylpentanol-2 and 360 ml. of concentrated

hydrochloric acid (4.32 moles) was shaken for 10 minutes in a separatory

funnel. The layers were separated, and the lower acid layer was extracted

with Skellysolve 3. The combined organic layers ere weshed with water and
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saturated sodium Bicar¥bnate solution, dried with calcium chloride, and
distilled. Covpious evolution of hydrogen chloride occurred during the
distillation, and it was necessary to treat the distillate with potassium
carbonate. After drylng over phosphorus pentoxide, the material was dis-
tilled (more decomoosition) to give 44 g. (375) of product, b.p. 164~
176°., [ .
5-Ethoxy-2,2-dimethylbalerophenone (XXII). - Sodamide was nrepared

from 16.8 g. (0.73 atom) ﬁi/sodium and 560 ml., of liquid ammonia., Toluene

(560 ml.) was added and th
(0.7 mole) of isobutyroph@none was added all at once and the mixture was

heated under reflux for one hour, 3-ethoxy»sropyl bromide (117 g., 0.7 mole)

ammonia was removed by warming. Next, 106 ml,

was added over a period of 1.5 hours., After a reflux veriod of 10 hours,
the mixture was decomposed with water and the toluene solution was distilled
to give 129.5 g. (79%) of crude nroduct, b.p. 70-112° (1 mm.). Since a
8lizht excess of sodamide was used, the nroduct was undoubtedly contami-
nated with allyldimethylacetonhenone, b.p. 70° (1 mm).?'9

The ketone (0.55 mole) was added to a susnension of 1.1 mole of
sodamide in 800 ml. of toluene. After a reflux veriod of 4 hours, arsionia
evolution had ceared, and the mixture was 3ecomposed with aqueous acctic
acid. The toluene solution was.distilled to give 57 g. of product, b.p.
110-160° (15 mm) which soon devosited crysZals upon chilling., These
crystals went into solution at room tempe#ature and therefore were not
collected, ;

A solution of 14.4 g. (0.624 atom) of sodium in 300 ml, of absolute
methanol was added to 54 g. of the above cleavage ~rocuct in 250 ml. of
absolute methanol. wext, 16.0 ml. (0.312 mole) of bromine in 100 ml. of
absolute .netinanol was added with swirling., after heating for 15 minutes
on the steam bath, 40 g. of sodiws hydroxide in 100 ml. of water was added,

_After 8 hoursggﬁfrefluxing, the mixture was distilled to remove the methanol

and volatile »nroduct., The distillate was acidified and extracted to remove
31 g, of high boiling liquid wiich could not be distilled, even at re-
duced pressure, because of serious foaming, Tﬁg—géiaiion was rendered basic
and extracted with chloroform. The extract was fractionally distilled to
give 4 g. of crude avine, b.p. 160-90°, and JO g. of a fraction, b.p.

240°, which solidified on standing. The ni¢dkel reagents showed the aiine

.
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to be primary. The solid, m.p. 90-1°, after several crystallizations
from Skellysolve B and a sublimation, was analyzed,

anal, Calcd. for C,H;3NO: C, 66.10; H, 10.30; N, 11.02; if,W.,
127. Found: C, 66.18; H, 10.38; N, 10.92; ii.W. 160 (Rast),
The solid showed no melting point depression when mixed with 3,3,5-tri-
methylpyrrolidone-2 frou the original cleavage with sodanide,

A ridxture of 200 ml. of dry dibutyl ether and 0.25 mole of sodamide
was heated under reflux for 16 hours, the exit gases being collected in a
dry ice trap filled with toluene. The toluene solution was washed succes-—
sively with cold dilute hydrochloric acid and cold water znd then dried,
An acetic acic solution of 1 g. of 2,4-dinitrobenzenesulfenyl chloride was
added, and after s*andin; for four days, the solution was poured into
vater and the toluene evapor ted in a current of air. The gummy solid was
chromatographed twice to give ca. O.1 g. of yellow crystals, m.p. 77-80°,
A sample of authentic butene-1 adduct, kindly supplied by Dr. N. Kharasch,
gave m.p. 75-78°. The mixed melting point was 75-6°,

L-Amino-2,2-dimethvloentanoic acid hvdrochloride. - Two grams of

3,3,5-trimethylnyrrolidone-2 and 20 ml. of concentrated hydrochloric acid
were refluxed for 24 hours. The solution was decolorized and evaporated to
dryness in vacuo. The product was washed with acetone and recrystallized
several ties from ethanol-acotone to give 1.5 g., m.p. 156-7°. Haller

29

and Bauer”’ report m.p. 164°. The pyrrolidone is ezsily rezenerated by
neﬁtralization of the hydrochloride,

anal, Calecd. for C,H,¢Cl¥0,: C, 40.28; H, 8.88, Found: C, 46,12;
H, 8,54,

2,2-Dimethyl=-4-pentenanide (XXIV). - The corresponding nitrile was

prepared in 61, yieid by alkyrlation of lithium isobutyronitrile with allyl

: - - 78
chloride accerding to 41e;1er.7

The nitrile was hydrolysed by heating

5 g. under reflux for 6 hours with a solution of 15 g. of potassium hydroxide
in 100 nl. of c¢thylene glycol and 5 ml. of water. alter the addition of

100 ml, of saturated salt solution and 20 ml. of concentrated hydrochloric
acid, the solution was extracted with methylene chloride, Distillation gave
5.3 g. (904) of the acid, b.p. 104-8° (20 mm). The amide readily sublimes

at 70° (20 mm) to give large shcets which are invisibly thin and show strong
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interference colcers,

Anal, Calcd. for C,H,gNO: C, 66.10; H, 10.30; N, 11.02, Found:
C, 66.40; H, 10.35; N, 10.G4.

Sodium (0.72 g., 0.031 atom) was added portionwise to 50 ml, of
ammonia containing a crystal of ferric nitrate. After conversion to sodamide,
20 ml. of toluene was added and the anmonia was allowed to evaporate. A
solution of 2 g. of the amide in 15 ml, of toluene was added (vigorous
amtonia evolution). After heating under reflux for 4 hours, the solution
was cooled, treated with 5 ml. of acetic acid and extracted with saturated
salt solution. The toluene soluticn was evaorated to small volume and
decolorized., The addition of Skellysolve A and chilling pgave 1.5 g. (75%)
of 3,3,5-trimethylpyrrolidone-2, m.p. 90-1°, The mixed m.p. with authentic
material was undenressed,

Alternatively, 1.00 g. (0.00787 mole) of the amide in 5 ml. of hot
Skellysolve E was added to 0.38 g. (2 equivalents) of sodium hydride in
5 ml. of Skellysolve Z at 20°, .fter the vigorous hydrogen evolution
subsided, the mixture was heated under reflux for 1 hour, during which time
a guwy sodium salt went into solution, leaving about one-half of the original
sodium hycride on the bottom. Tie mixture was cooled and decomposed by the
portionwise addition of 1 al. of acetic acid. The mixture was filtered and
heated to boiling to codiztil traces of zcetic acid. Cooling deposited
0.72 g. (72,5) of 3,3,5-trimethyloyrrolidone-2.

N-Benzyl-2,2-dimethyl-A-pentenanide. - A solution of 2,2-dimethyl-4-

pentenoyl chloride (froix 2.56 g. of the acid and 4 ml. of thionyl chloride)
in 5 ml. of ether was added wortionwise to a solution of 10 ml. of
benzylamine and 20 ml. of water maintained in an ice bath. The product,
3.5 g. (81,0) was recrystallized from Skellysolve 3 and again from 70
methanol giving 3.2 g. of meoterial, m.p. 55-6°. Sublimation at the water
pump (100°) raised the m.p. to 56-7°,

Anal. Calcd. for C,H;Cl0p: C, 46.28; H, 7.77. Found: C, 46.12;
H, 2.54.
Treatment with sodium hydride in either Skellysolve E or toluene according
to the procedure for 2,2-dimethyl-4-nentenamide gove the sodium =alt as a
gum, The benzylainide was recovered unchan-ed to the extent of 77.. Mo

other nroduct was isolated,
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Pivalophenone was prepared by the procedure of Willemart,
LLj yield by the addition of t-butylmagnesium bromide to benzonitrile and

converted to the oxime, m.p. 1463=4°, according to the same directions,

Pivalanilide, m.p. 133-5°, was prepared from aniline, vpivaloyl

L0

chloride, and vyridine. Schroeter™  remorted m.p. 132°,

N-t-butylbenzamide, m.p. 134-6°, was prepared by the Schotten-
L0

Baumann procedure from t-butylamine and benzoyl chloride, Schroeter

reported m.p. 135.5°,

Beckmann rearrange.ient of pivalophenone oxime. - The procedure of

Drakeso using phosphorus pentachloride was modified, A solution of 6.5 g.
(0.0312 mole) of phosphorus nentachloride in 50 ml. of benzene was added
dropwise with stirring over a 20-minute period to a solution of 5.32 g.
(0.030 moles) of the oxime in 100 ml. of ether maintained at 0°, After
the addition, the mincure was allowed to stand overnight and then poured
over ice, The mixture was neutralized and the organic layer distilled at
18 mn., The sole product, a liquid b.p. 75° (18 iwn) was inferred to be
benzonitrile by odor and b.p.

Hydrogen chloride was bub™led into a solution of 3.0 7. of pivalo-
phenone oxime in 20 ml. of acetic acid for 0.5 hour. The s=olution was
heated under reflux for 2 hours, cooled and noured onto ice. The solid
was collected and recrystallized from aoueous methanol tc pive 2.1 g. of
pivalanilide (70,:), m.p. 134=5°. The comoound did not denress the melting
point of authenticlpivalanilide, but did denress the melting noint of
N-t-butylbenzamide,

Benzenesulfonyvl chloride (8.1 ml., 0.063 mole) in 8 ml. of acetone
was added with stirring over a 5 minute period to a mixture of 10,64 g.
(0.06 mole) of the oxime, 60 ml. ol acetone, 50 ml. of water, and 5.5 g.
(0.14 mole) of sodium hydroxide which was cocled in a water bath at room
temperature, Aafter the addition, stirring was continued for 1.5 hour and
then the mixture was reated for 2 hours at 40°. ''hen 100 ml. of water was
added to the oily silxture, criystallization cccurred., acetone was reanoved
at the aspirator, and the crystals were collected and washed with water,
After crystallization from aqueous i.ethanol, the »roduct, m.p. 124-31°,
weighed 7.62 g. (72,:). 4 recrystallization from agueous :iethanol zave
6.7 g. (670), m.p. 133-5°, The nroduct depressed the m.p. of nivalanilide,
but did not depress thne m.p. of W-t~-butylbenzauide,
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The compound charred when treated with conc. sulfuric acid at room
temperature, but was partially hydrolyzed by heating a mixture of 2 g. in
8 ml. of 85, phosnhoric acid with 3 drops of concentrated hydrochloric
acid for 24 hours at 100°. When cooled, the upper liouid layer crystallized,
The crystals of benzoic acid were collected, washed with water and dried.
The crude benzoic acid, m.p. 116-18° and bicarbonate soluble, weighed
0.7 g. Dilution of the phosnhoric acid devosited unchanged amide, insoluble
in bicarbonate,

A solution of 20 g. of amide and 1.7 of sodium (6.5 eauivalents)
in 25 ml. of n-butanol was hezted under reflux for - hours. "ater (2 ml.)
was added and the heating was continued for 1 hour. Excess water was ad-ed
and the butanol was removed by steam distillation, Unreacted amide (0.9
g.) was filtered off and the solution was rendered acidic. Benzoic acid,
m.p. 121-2° was collected in the amount of 0.54 g.

2-2-Dimethyl-5-phenoxvvalerophenone (XXIII). - To an ammonia slurry

of sodamide from 11.5 g. (0.5 atom) of sodium was added 500 ml. of toluene,
followed by the dropwise addition of 111 g. (0.75 mole) of isobutyronhenone,
The aizionia was evaporated and the suspension heated under reflux for 1
hour, nafter cocling, 107.5 g. (Y.5 mole) of 3-shenoxyoronyl tromide in

40 ml, of toluene was added over a l-hour period with stirring. After the
aadition, the mi:ture was kept at room temperature for 1 hour, heated con
the steam bath for 1& hours, and thein he:ted under refiux for 18 hours,

At this point, the .ixture was only slightly basic. After the addition of
200 ml, of water, tiie organic layer was separated and washed several tinmes
with dilute hydrochloric acid, followed by water., . After removal of solvents
and isobutyrophenone at the asnirator, the solution was distilled at 2 mm.
The product, a yellow oi}, was collected continuously over the range
70-200° (major fraction 14,2-162%), The distillate contained ca. C.5 g.

of crystals, wnich were acidic arnd rroved to be benzoic acid (m.p. and
mixed m.p.). The crude phenone was nou further purified, but was converted
directly to the oxinme,

2,2-Dimethyl-5-phenoxyvalerorhenone Oxime, — The entire ouantity

of the crude phenone was dissolved in 500 ml. of 95/ ethanol. A solution
of 21 g. (0.30 mole) of hydroxviarine hydrochloride and 41 g. (0.30 mole)

of sodiumn acetate trihvdrate in 50 ml., of water was added and the sc.ution
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was allowed to cool. The bright yellow crystals were collected and washed
with Skellysolve A, which removed a yellow tar, leaving white crystals.

The tar was arain oximated to give é g. more of oxime., The oxime was re-
crystallized once from carbon tetrachloride and again from 100/% ethanol.
The product weighed 56.7 g. (38, from isobutyrophenone). The melting
point drooned from 131-2° to 129-30° with the purification,

Anal, Calcd. for C;qH3N¥0: C, 76.73; H, 7.79. Found: C, 76.68;
H, 7.78.

in unsuccessful attempt was made to regenerates the pure vhenone by
trans-oximation. Thus, 10.00 g. of oxime was dissolved in 250 ml. of
acetone (100 equivalents) and 25 ml. of water and 5 ml. of acetic acid were
added. After a 24-hour reflux period, water was added and 9.27 g. of the
unchanzed oxime was collected,

The phenone was successfully regzenerated as follows., A solution of
9.22 g. of the oxime and 30 ml. of 2N hydrochloric acid (2 ecuivalents) in
200 ml. of 2-propanol was heated under reflux for 6 hours. “ater was added,
the unchanged oxime (2.70 g.) was removed, and the soluticn was partitioned
between water and Skellysolve A, After removal of the Skellysolve A, the
remaining o0il was distilled to ~ive 5.77 g., b.p. 154-166° (2 mm). Thus,
the hydrolysis was 71, complete and the yield was 935 based upon unrecovered
oxime. Tre yellowish phenone partially solidified upon standing (low
melting crystals) but was at least 90, pure since 1 g. gave 0.9 g. of oxime
of m.p, 129-30°. The mix~d m.p. with the original oxime was undepressed,

N-Benzoyl-1,1-diinethvl-4-phenoxytutvlamine (XXIX), - Ten grams of

2,2-dimethyl-5-phenoxyval erophenone oxime (0.0335 mole) was added to a
solution of 50 ml. of acetone and 25 ml, of water c»ntaining 5.0 g. (0.125
mole) of sodium hydroxide. & solution of 5 ml. (0.0393 mole) of benzene-
sulfonyl cnloride in 5 ml. of acetone was added over a S-minute period with
stirring. The mixture was then hecated to 45° and stirred at that temcerature
for 2 hours. The mixture was neutralized with acetic acid, and 100 ml,
of water was added. The crystals were coilected and recrystallized twice
from aqueous methanol to zive 8.42 g. (&4%) of product, m.p. 91-2°,

Anal, Calcd. for CygHa3i0,: C, 76.73; H, 7.79. Found: C, 76.82;
H, 7.98.

A solution of 7.5 g. of the awide and 20 ecuivalents of sodium

n-butoxide in 5C ml. of atsolute n-hutanol was heuated under reflux for
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6 hours. ‘'later (2 ml.) was added and heating continued for 1 hour. ‘'later

was added and the butanol distilled off. The remaining mixture was extracted
with etiher, The alkaline solution was acidified, nrecinitatingz benzoic acid
and silica. The solid precipitate was extracted with sodium bicarhonate
solution. Acidification rave benzoic acid, identified hy m.p. and mixed
melting point., The ether solution was extracted with dilute hydrochloric
acid and the ether evazorated to give a solid which was recrystallized from
chloroform Skellysolve & to give 0.7 g. of unchanged auide (icdentified by
m.p. and mixed m.p.). The acidic extract was evaporated to dryness and the
residue recrrstailived once from chloroform-ethyl acetate and again from
ethylene chloride to give 0.3 g. of 1,1-dimethyl-4-phenoxybutylamine
hydrocihloride, m.p. 173-4°. The extent of hydrolysis was 47,5, and the yield
of amine salt was 47, based upon unrecavered amine,

Anal, Calcd. for CypH;0oClHO: C, 62.73; H, 8.,77; N, 6.10. Found:
C, 62.70; h, 8.96; ii, 6.00.

another basic hy.rolysis was run as follows, 4 mixture of 1.0 g.
of anide, 5 g. of potassium hydroxide (23 equivalents), 5 ml. of water, and
45 ml, of ethylene slycol was heated under reflux for 22 hours., The mixture
vias then acidified with 15 inl. of concentrated hydrochloric acid., The
benzoic acid and silica were re.oved by filtration and the filtrate was
extracted with ether to re ove nhienol and the remainder of the henzoic acid.
(The phenol was identified as the tribromo derivative). The aqueous solution
was evanorated to drymess in vacuo and the residue was extracted with
acetone to reunove traces of glycol, Iecrystallization from chloroform-
acetone afforded O.14 g. (185) of the amine salt (m.p. and mixed m.p.).
No amide was recovered from any of the fractions,

in acid hydrolysis as conducted by heating a solution of 2.97 g.
(0.01 mole) of the aide in 10 inl, of concentrated hydrobromic acid under
reflux for 6 hours. ilore concentrated hydrobromic acid (10 ml.) was added
and the solution was then slowlyv distilled from an oil bath (145-55°) for
3 hours., ‘.ater was added to the residue and after decolorizing to remove a
small amount of tar, the solution was evanorated to dryness, The solid
(0.8 g.) was inferred to be a :onium bhromide by m.p. >300°, insolubility
in chloroforu and evolution of awmoniacal gas uovon dissolving in base, The

distillate was diluted with water and extracted with ether. The ethereal
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extract was extracted with sodium bicarbonate to remove beanzoic acid and
with sedium hydroxide to remove phenol., The ether wa. then evaporated,

giving a small cquantity of an oil with a strong nleasant smell., Sodium

fusion indicated bromine, but no nitrogen. The o0il could not be induced
to crystallize, and was not Mrther characterized,

Acid hydrolysis of N-t-butylbenzamide and t-tutylamine. - A mixture

of 1.77 g. of iI-t-butylbenzamide and 10 ml. of concentrated hwdrobromic
acid was distilled from an oil bath at 150° until ¢ ml. of distillate had
been collected., Alisost imediately uvpon reaching the b.p. the originally
clear solution became cloudy and senarated into two phases, An oil passed
over in the distillate for abcut 20 minutes and then stonied. 3enzoic acid
slowly sublimed throughout the distillation. The 0il was decaonted from the
distillate, washed with water, and dried with calcium chloride., The b.p.
was determined to be 73°. The oil was more dense than vater and gave an
instantaneous test with silver nitrate., These observations indicate t-
butyl bromide, b.p. 73°. The residue (0.90 g., 92,5) in the flask was
azmonium bromide (insoluble in chloroform, behavior with base)., It was
found that t-butylaine was recistant to hydrolysis under iczntical con-
ditions. Thus, no cloudiness was noted in the distillate and the amine
salt, wnich was quantitatively recovered, was slishtly but corinletely
soluble in chloroform,

Alpha alkylation of nitriles., - Phenyllithiwa in ether was nre-
81

rared in half molar cuantity according to the directions of Gilman,
After cooling, 0.5 mole of calcium hydride dried diethylamine was added over
a neriod of § miautes, followed hv the addition of 0.5 mole of disubsti-
tuted acetonitrile in 10C ml. of ether (or benzene for the aryl nitriles)
over a neriod of 5 'vinutes. The metallation was exothermic for the -ryl
nitriles, hwut not for the alivhatic nitriles., Gilman's color test82 was
negative for the aryl nitriles, ™ut pocitive for the alinhatic nitriles,

The solution was heated to the hilin~ point and 0.5 mole of nhenoxyethyl
bron;ide66 was added dronwise at such a rate that the canacity of the con-
denser wis not exceeded. The aliphatic nitriles react viclently and the
addition requires 0.5 hr., but with the aryl nitriles the bromide may be
added over a period of 5-10 minutes, The solution was refluxed for an

additional 2 hours anc¢ then cooled., After extraction with water and dilute
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hydrochloric acid, the ether and benzene were removed on the steam bath

and the aliphatic nitriles were distilled., ‘/hen R was phenyl, methanol

was added to the residue and the crystals were collected. This procedure
was not successful when R was p-tolyl because the crystals melted at room
temrerature, Therefore, the crude tolyl comnound was used directly in the
subsecuent step, Table 1 lists the substituted nitriles nrenared by this
method, Ilethoxyethyl bromide was nrepared in addition in 265 yield by the
ovrocedure used for ethoxyoropyl bromide (phosphorus tribromide and oyridine).
Other workers have also had trouble with this method of nrepara’c.ion.]O6
Diisopropylacetonitrile was alkyvlated with methoxyethyl bromide to give

314 of product, b.p. 129-32° (24 mm),

Table IT - CrH<OCH,CH,CR,CN

Calc. Found
_ R vield bo( 1ma) M. D, C H C H
| methyl 88 91-5° 37-9° 76.15 7.9 76,00  7.67
& . ethyl 75 110-13° === == = --- --
i sopronyl 25 124-8° -— 78.32 9.45 78. 40 9.25
i phenyl 87 -- £¢-7° 8L. 31 6,11 84,13 5.80
p-tolyl . - e - - -

Isobutyronitrile was also alkylated with sodanide prepared by
adding 11.5 g. (0.5 atom) of sodiw: viecewise to a solution of 0.2 g. of
ferric nitrate in 500 ml. of liouid ammonia. After comnlete conversion to
the amide, 34.6 g. (0.5 mole) of isobutyronitrile was added, After 5
minutes, a solution of 100.6 g. (0.5 mole) of nhenoxyeth:l bromide in 200
ml. of ether was added over a 1%-minute neriod, The a::wonia was alloved
to evaporate and stirring was coritinued for cne hour, The solution was
filtered anc the salts were veshed with ether, The ethereal solution was
washed with dilute hydrochloric acid, then water, and dried. After removal
of the ether on the stecam bath, the nitrile was left as an oil, which
crystallized on cooling. This was distilled at 2 w: to zive 56 g. (59%%),
b.p. 96-126°, . fter three recrrstallizations from Skellysolve A, 38.5 g
(L1p yield of plates, in.p. 37-9°, were obtained,
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The nitriles were reduced by adding one mole of nitrile in 400 ml,

ether (benzene when k was phenyl) over a period of 30 minutes to a stirred
refluxing slurry of 1.25 mole of lithium aluminum hydride in 1800 ml., of
ether, After the vigorous reaction during the aadition, heating was continued
for 30 minutes and the reaction mixture was cautiously decomposed with

5 moles of 2-propancl, follo-ed by 310 ml. of saturated salt solution.

The mixture was filtered and the filter czke was washed with ether., The
alinhatic amines were obhtained by distillction and the aryl substituted

aiiines were isolated in the forim of tliieir difficultly soluble hydrobromides
by the addition of 125 ml. of concentrated hydrobronic acid to the ether
solution. The purified aliph~tic a.ines were converted to their hydrobromides
and crystallized from ethilene chloride, The aromatic hydrobromides were

crystallized from methanol. These conpounds are listed in Tatle IIT,

Table ITI - C H-CCH-CH,CR,CH,iH, and Hydrobromides

R riethyl cthyl Phenyl n-Tolyl
yield 81 o) 90 a8
b.p. (20mm) 150-62° 183-7° -- -
Hydrotromide m.p. 121-2° 140-1° 215-60 24,6-7°
Calcd.: C 52455 55.63 €6.33 67.60

H 7.35 8.00 6.07 6.62
Found: € 52.76 55.90 66.43 67.71

H 7. 33 8,22 6.22 6.82

3,3-diisonrovylnyrrolidine was isolated in 9. yield when R was isopropyl
and the starting material was recovered in 85/ yield. The hydrobromide,
m.p. 124=5° frou carbon tetrachloride-ether, gave a roor analysis, un-
doubtedly because of a hygroscopic t.endency.

Anal. Calcd. for CygHzz3rN: C, 50.34; H, 9.39; ¥, 5.93. Found:
C, 50.29; M, 9.49; ., 5.62.
N-benzenesulfonyl-3, 3-diisopropylpyrroiidine, m.p. £8-9° from Skellysolve
B, gave a better analysis.,

inal. Calcd. for Cygis.!0;5: C, 65.04; M, 8.53. Found: C, 65.37;
H, 8.62,
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The isopropyl compound was also reduced in refluxing tetrahydrofuran, using

the same nrocedure as for ether. The pyrrolidine was isclated in 26,
vield and the starting material was recovered in 49/} yield. An attempt to
reduce the isopropyl com»ound with Raney nickel and hydrogen at 100° and
100 atmospheres for a veriod of 4 hours was unsuccessful, The starting
material was req vered cuantitatively.

The nitrile reductions were also tried with sodium and alcohol,
using the same vprocedure as that used for the reduction of phenoxyhutyro-
nitrile, where R was methyl, isopropyl, and nhenyl., In the case of methyl,
the yield was 62, but, when R was isooropyl, a Prussian blue test for
cyanide ion was obtained, and after extraction of a 0.5, yield of the
pyrrolidine, the reaction mixture wos distilled, giving a distillate of
recovered nitrile (764) and a crystalline neutral residue, m.p. 114-5°
from carbon tetrachloride-Skellysolve 3., An analysis indicates the emrirical
formula C, o, 3Hz2.2N03, 3.

Anal, Found: C, 62.80; H, 11.37; W, 7.11,
iteduction of the phenyl comzound zave a very heavy cyanide test and the sole
isolable nroduct was 1-phenoxy-3, 3-diphenylnronane, m.p. 85-6° from ethyl
acetate, in 915 vield.

Anal, Calcd. for Cz,Hpo0: C, 87.46; H, 6.99. Found: C, 87,10;
H, 6.73.
The reduction of 2,2-diisonropyl-4-iiethoxybutyronitrile with lithium
aluninum hydride was carried out in boiling ether for 16 hours to give 92,%
of 2,2-diisonropyl-4-uethoxybutylanine, b,p. 132-6° (24 mm),

Dimethyl- and diethylacetonitriles., - One mole of the acid and

1.1 mole of thionyl chloride were allowed to stand overnisnt with a boiling
chip to facilitate gas evolution. ufter heating on the steam bath for 15
minutes to comnlete the reaction, 150 nl. of etlier was added and the acid
chloride solution vas drowped cver 2 nericd of one half hour into a stirred
solution of 4 inoles of licuid a.:ionia in 400 ml., of tetrahydrofuran cooled
in dry ice-acetone, After adding 600 =d. of Skellysolve B, the red slurry
was filtered wiile still cold, and the solid was washed with additional
Skellysclve 3 to reaove most of the color. After adding 600 ml. of
Skellysolve E, the filtrate was evanorated until the vapor tesperature

reached 100°. Cooling gave more solid. The total solid so collected was
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allowed to dry and was suspended in 400 ml. of chloroform and 1.2 mole of
thionyl chloride was added. The mixture was heated on the steam bath
until hydrogen chloride evolution completely ceased (4-8 hours), Ixcess
thionyl chloride was destrcycd by the cautious addition of enough water to
dissolve all solids. The chloroform layer was separated and washed with
5% sodium hydroxide and water, Good fractionation gave isobutyronitrile,
b.p. 102-4°%, in 89% yield and diethylacetonitrile, b.p. 141-3%, in 88}
yield. The recorded values are b.p. 103.8° and 142-6° respectively.83’8h
Di-p-tolylacetic acid and nitrile. = 1,1-(Di-p-tolyl)-2,2,2-tri-

chloroethane was prepared by the sulfuric acid condensation of toluene and
chloral according to the pro.edure of Fischer®® in 544 yield, = .p. 86-7°
from 2-propanol.

The hydrolysis was conducted by adding 0.5 mole of the above compound
portionwise to a still not solution of 2.5 atoms of sodium in 1 1. of re-
distilled carbitol. The :ixture was heated under reflux for 8 hours..

After cooling and filtration to remove salt, the bulk of tihe carbitol was
renoved by distillation in vacuo, leaving a thick syrun to which was added
250 ml, of concentrated hydrochloric acid, ‘!/ater was added and the granular
solid was collected, washed with water and crystallized from 100 ml, 80,
acetic acid, giving 68 g. (51,6) of dense stubby needles, m.p. 143-4°.
Fritsch and rFeidmann reported m.p. IAL°.86 The acid chloride was prepared
by heating 0.246 mole of the acid with 0.28 moles of thionyl chloride and
50 ml., of ethylene zhloride overnight on the steam bath (the reaction fails
to go in refluxing chlorotorm). The solvent was removed in vacuo and 60
ml, of ether was added. The solution was added over a neriod of 0,5 hours
to a solution of 85 ml., of concentrated ammonia and 120 ml., of 2-propanol
in an ice-methanol bhath, keening the temnerature below 15°. The crude amide,
(98,5), m.p. 184-5°, was removed by filtration. Dox and Thomas reported
m, P. 1900.87

The amide was dehydrated by heating 0.246 mole with 0.295 mole of
thionyl chloride and 50 ml. of ethylene chloride on the steam bath for 6
hours (the reaction fails to go in chloroform). The solvent was re.oved
in vacuo, and the residue was taken up in Skellysolve B and extracted with
10,0 sodiwn hydroxide. The nitrile was distilled to remove color, Obtained

51 g. (94,) b.p. 168° (3 mm). Crystallization from 50 ml., of cold methanol
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gave 49 g. m.p. 45.5-7°., The overall yield from the acid was 88%. Hoch

reports b,p. 212° (18 mm).99 The nitrile has never before been obtained in
solid form,

" Diisoprovylacetonitrile, = Diisopropylc ya noacetic ester was pre-
pared by adding 0.75 mole of cyanoacetic ester to a warm solution of 0.75 g.-
atom of sodium in 500 ml. of absolute 2-propanol. The solvtion was heated
under reflux for 2 hours after the addition of 0.75 ninle of isopropyl iodide,
A boiling solution of 0.75 g.-atom of sodium in 500 ml. of absolute 2-
propanol was added rapidly (before it cools and solidifies), followed by

another 0,75 mole portion of isopropyl iodide, After three hours of fur-
ther boiling 850 ml., of solvent was removed by distillation and the residue
vas poured into water. The layers were sepnarated and the product was
washed with 10, sodium hydroxide to remove monoalkylated product. Upon
distillation, 136 g. (934) b.p. 120-5° (17 mm) was obtained, larshall
reported b,p. 238—A1°.h5 The ester was slowly distilled from twice its
weight of potassium hvdroxide pellets in a conper flask. The distillate
was redistilled and the residue was distilled again from potassium hy-
droxide. The combined distillates were fractionated to give an 83% yield
of diisopronylacetonitrile, b.p. 169-70°. Harshallh5 reported b.p., 170-1°,
4~Bromo-2,2-dialkylbutylamine hvdrobromides were prepared by hydrolysis

of the corresponding anino ethers with concentrated hydrobromic acid. The
nmethyl and ethyl compounds were hydrolysed according to the procedure for
phenoxybutylaiine, and were recrystallized from chloroform, Further re~
crystallization from acetonitrile renoved a trace of color, The isopropyl
compound was hydrolysed according to the same procedure, but after removal
of the bulk of hydrobromic acid at the water pump, the remainder was removed
in a desiccater over otassium hydiroxide. The residue was taken up in a
sriall volume of nethylene chloride. The addition of Skellysolve B to the
noint of cloudiness and chilling deposited 47% of fairly pure bromo ardine
salt, m.p., 180-1° d, Addition of a large excess of Skellysolve B to the
filtrate precinitated 3,3-diisopropylnyrrclidine hydrobronide (36;:). The
bromo amine salt was recrystallized twice wilh 855 recovery from a mixture
of 18 ml./g. of warm (50°) carbon tetrachloride and 15 ml./g. of Skellysolve
A,

2,2-Diphenyl-/4-phenoxybutylamine hydrobromide was hydrolysed by

boiling with 2 ml./g. of propionic acid which was found to be the best
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solvent for this reaction and 2.7 ml./g. of concentrated hydrobromic acid
for 48 hours., 2,2-Di-p-tolyl-4-phenoxybutylamine hydrobromide was boiled
with 3 ml./g. of propionic acid and 2,7 ml./g. of concentrated hydrobromic
acid for 15 hours, whereuoon another 2,6 mi./g. of concentrated hydrobromic
acid was added and the heating was continued for a total of 48 hours, The
solutions were distilled at the water pump to remove the bulk of the hydro-
bronic and propionic acids., Trituration of the gummy residues with ethyl
acetate extracted dark tars leaving behind the 3,3-diarylpyrrolidine
hydrobromides in colorless crystalline form, The gem-phenylpyrrolidine salt
was obtained in 72, yield and the gem-p-tolylpyrrolidine salt was obtained

in 5% yield. The ethyl acetate extracts were evaporated to drymess in

vacuo at a te.perature of 50°, The residues were further dried in a desic-

cator over potassium hydroxide and triturated with dry ether to extract
tars. This procedure left the crude bromo amine salts as tan nowders.,
These were taken up in methylene chloride and filtered to remove the in-
soluble nyrrolidine salts, Treatment with charcoal removed all color and
the solutions were evanorated almost to dryness at 40° in a current of air.
The addition of e*nyl acetate precinitated the bromo amine salts which
were recrystallized from methylene chloride-ethyl acetate to give material
which was still impure. The finel yields in both cases were 35,

All of the L-bromo-2,2-disubstitutedbutylamine hydrobromides decompose
at the nelting point. After hydrogen bromide evolution is complete, the
samples may te chilled, whereuoon they solidify and remelt at the tenpera-
ture of the corresponding nyrrolidine salt. All behave as secondary
anines toward benzenesulfonyvl chloride and the nickel reazents., Table IV
lists the 4-bromo-2,2-disubstituted butylamine salts and Table V lists the
corresponding nyrrolidines obtained by cyclization. The alkyl pyrrolidine
salts were crystallized from ethyl acetate and the sulfonamides from Skelly-
solve B. The aryl pyrrolidine salts were crystallized from methanol and

the sulfonamides from aqueous acetone,



Table IV

BrCH,CH,CR,CHoNH, « HBr

i R ilethyl Ethyl Isopronyl Phenvl p-Tolyl
yield 935 635 4Oy 3 Fo
M. P. 188-9°d, 170-1°d, 186-7%4, 194-5°4, 241-1°4d,
Caled: C 27.61 33.24 37.87 49.89 52,32
H 5.79 6.62 7.3 4.97 5.61
Found: C 27.73 33.44 37.94 52.22 68.38
H 584 6.62 7.35 5.85 6.86
Table V
3,3-Disubstitutedpyrrolidines
R Methyl Ethyl Isopropyl Phenyl p-Tolyl
B,P, 114-5° 169-70° 206-8° - =
) i P, - - - oil 41-2°
Hydrobromide 103-5° 61-20 12450 25120 230-1°
: Caled. C 50.84 63.16 65.06
H 9. 39 5.96 6.67
Found: C 50.29 63.24 65.23
H 9.49 5.95 6.45
Benzenesul-
fonamide 49-50° 37-8° £4-90 127-8°  100-1°
Calcd: C 60,22 62,88 65.04 72.70 73,62
H 7.16 7.92 8.53 5.82 6. L4
Found: C 60,26 62.70 65.37 72.98 73.76
H 7.28 "7.86 8.62 5.9 6.42

Ag-dimethylsuccinic anhydride was prevared from As-dimethylsuccinic

acid which in turn was nrenared by the method of Smith and Horwitz88 which
was modified to obtsin higher yields. The acid was not isolated as such,
but converted directly into the anhydride,

A mixture of 58 g, (i mole) of acetecne, 113 g. (1 mole) of ethyl

cyanoacetate, 79 g. (1 mole) of vyridine, and 63 g. (1 mole) of acetic aciad
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was heated under reflux for one hour, Next, 100 ml, of absolute ethanol was
added, and the heat source was removed. Immediately, 65 g. (1 mole) of
potassium cyanide was added all at once, whereupon a vigorous reaction
ensued, Lixternal heating was resumed for one hour. After cooling, 400 ml,
of 3N hydrochloric acid was added and the mixture warmed to bring solids
into solution. The layers were separated and the aqueous layer was ex-
tracted twice with ether., After removal of ether from the combined organic
solution on the steam bath, 600 ml, of concentrated hydrochloric acid was
added and the mixture was heated under reflux for 24 hours, after which time,
another 150 ml. of concentrated hydrochloric acid was added, the heating
being continued for another 24 hours, The solution was chilled, the crystals
collected and the mother liquor evaporated io dryness in vacuo. All ~~lid
material was treated three times with hot acetone (600 ml. total) to sepa-
rate the acid from ammonium chloride, The major nortion of acetone was re-
moved from the solution by distillation at atmospheric pressure, and 150
ml, (1.6 moles) of acetic anhydride was added, The remainder of the acetone
was then removed, as well as some acetic acid, by distilling until the vapor
temperature reached 120°, The heating was continued for a total of 1.5
hours, and then the solution was distilled at the water ovump to give 86 g.
of the anhydride (67/ overall yield) b.p. 110-1180(18 mn), Auwers89 gives
b.p. 117° (22 mm),

As~dimethylsuccinimide, = A solution of 86 g. (0.67 mole) of the

anhydride in 100 ml, of ether was run into a mixture of 300 ml., of ether
and 46 g. (2.7 mole) of liquid ammonia maintained in a dry-ice bath, The
anmonia was allowed to evanorate, and the ether was removed on the steam
bath., Xylene (500 ml.) was added, and the mixture was heated to the reflux
temperature, Continuous slow distillation removed water formed by the
cyclization of the succinamic acid (formed by dissociation of the ammonium
salt)., After 0.5 hcurs, all solids had gone into solution, and within
another 5 minutes, the clear solution suddenly becanie onaque and deposited a
negligible quantity of a solid, The hot solution wuas filtered and chilled,
The crystals were washed with Skellysolve i, and the nother licuor was
evaporated and chilled azain to give a smali second crop, wnich was washed

as before, The yizld at this point was 80.4 g. (94.) of oily crystals,
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Three cryvstallizations from ethyl acetate lowered the yield to 62.2 g.
(735), m.p. 107-9°, The m.p. is reported to be 1060, 70
3, 3-dimethylpyrrolidine. - Lithium aluninum hydride (61 g., 1.6

moles) was added to i.5 1. of tetrahydrofuran. The mixture was refluxed
with stirring for one hour to bring moat of the hydride into solution, The
solution was cooled in an ice bath, and a solution 57.2 g. (0.45 mole) of
as-dimethylsuccinimide in 175 ml. of tetrahydrofuran was added over a vneriod
of 20 minutes. The ice bath was removed, and the mixture was slowly dis-
tilled over a period of one hour, 1 1., of tetrahydrofuran being taken off,
The mixture was decomposed in the usual way, and 34.5 g. (79%) of 3,3~
dimethylpyrrolidine, b.p. 114=15°C was isolated, The henzenesulfonamide was
prepared by the Hinsberg method and recrystallized from acueous methanol.

It melted at 49-50° and the melting point was undepressed by admixture with
the same compound (m.p. 49-50°) prepared from 2,2-dimethyl-4=-bromobutyl-
amine hydrobromide. Furthermore, either of the sulfonamides effectively
seeded a solution of the other, The sodium reduction was ccnducted by
rapidly adding & solution of 70 g. (0.55 mole) of the imide in 505 ml,

(5.5 mole) of 2-butanol and 350 ml. of diethylcrellosolve to a stirred slurry
of 126 g. (5.5 atoms) of molten sodium in 250 ml. of diethylcellosolve,

The mixture was heated under reflux for one hour. The excess sodium was
destroyed with butanol, and then 500 ml., oi water and 500 ml., of concentrated
hydrochloric acid were added successively., Steam distillation removed the
solvents, and a small amount of dark insoluble oil was removed by ether
extraction. A solution of 10C g. of sodium hydroxide in 200 ml. of water
was added, but ether extraction failed to separate more than a trace of the
amine, so the basic solution was steam distilled in order to concentrate the
amine, Sufficient sodium hydroxide was added to the di.tillate to make a
405 solution. A layer of amine failed to separate, therefore, the solution
was extracted with o-toluidine (since ether was azain unsuccessful),
Distillation of the extract pave 5 g. of a product which, after two further
distiilations, had b.p. 78-81°, This liouid had a strong nineridine-like
odor, but gave negative tests for nrimary and secondary amines with both
benzenesulfonyl chkloride and the nickel reagents. ‘‘hen treated with methyl
iodide, 2 negligible quantity of crystalline material deposited. This was

too soluble, even in Skellysolve B, for recrystallization,
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The stepwise reduction of as-dimethylsuccinimide was conducted by
rapidly adding a solution of 49.1 g. (0.39 mole) of the imide in 156 ml.
(1.7 mole) of dry 2-butanol to a stirred slurry of 39.2 g. (i.7 atom) of
sodium in 80 ml., of toluene., The solution was heated for 0.5 hours after
the addition, and excess sodium was destroyed with ethanol. The solution
was chilled in ice, and 150 ml. of water was added, followed by 142 ml. of
concentrated hydrochloric acid. The layers were separated, and the aqueous
layer was extracted with ether. The solvents were removed from the com-
bined organic layers in vacuo. The residue was distilled at 20 mm. until
crystals started subliming (240°). The distillate (b.p., 120-240°), upon
chilling, denousited crystals identical with those of the residue., Fractional
crystallization of the distillate and the residue from carbon tetrachloride
and methanol, respectively, gave 1 g. of recovered starting material and
ca. 10 g. of crystals, m.p. 232-3° with the emwirical formula (CgHaNO),.

Anal, Calcd. for C;,ff;gNz02: C, 64.84; H, 8.16; N, 12,61; i, 222,
Found: C, 64.45; H, €.30; N, 12.14; I8/, 240 (Rast).

3, 3-Dimethylglutaric anhydride was prepared by a method improved with

respect to both ease of manipulation and yield over the method nreviously
described in the literature by Vogel.91

A mixture of 8CO ml. of commercial absolute ethanol, 147 ml, (2
moles) of acetone, and 450 ml. (4.24 moles) of ethyl cyanoacetate was cooled
to -40°C., and 150 g. of licuid ammonia was added. The solution was allowed
to warm up to 5° and placed in a refrigerator, at that temperature, for 12
hours, The crystaliine mass was broken up and the flask was returned to
the refrigerator for a four-day period., The mixture was filtered and the
crystals washed successively with ether and cold ethyl acetate.

Upon evavoriting the mother liquor to a sinall volune and adding
ether, a second cron was obtained, wiiich was washed as before. The a:nonium
salt of the Guareschi imide amounted to 369 g. (£95). The lumps were
broken up and 367 g. (1.76 moles) was added slowly (45 min.) with mechanical
stirring, to 880 ml. of cold concentrated sulfuric acid maintained in an
ice bath to keep the teaserature from rising above 20°C. After all material
had dissolved, the bhath was removed and the solution was allowed to warm
spontaneously to 50°, whercupon it was cooled to 38°. It renained at that

temperature for 3 hours before cooling to room temncrature, The stirring
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was stopped, and the clear golden solution was then transferred to a 5-
liter flask, and 795 ml. of water and 20 ml, of concentrated hydrochloric
acid were added. The solution was heated to the reflux temperature with a
very small flame., Soon, a white solid deposited, whereupon serious foaming
ensued, (The frothing seemed to be a function of the amount of white solid
present, which avparently decarboxylates and goes into solution). After
48 hours, all solid had gone into solution. The solution was cooled to
0° and the crude dimethylglutaric acid was collected and sucked as dry as
possible., The moist crystals were dissolved in chloroform and decanted from
the lower layer of sulfuric acid. After clarification and filtration,
330 ml. (3.5 moles) of acetic anhydride was added and chloroform was removed
by distillation until a vapor temcerature of 120° was reached. After being
heated under reflux for a total time of two hours, acetic acid and anhydride
were removed at the water pump, and the liquid residue, after being allowed
to cool somewnat, was treated with a 50-50 mixture of Skellysolve B and
carbon tetrachloride,

The light tan crystals of 3,3-dimethylglutaric anhydride were col-
lected and washed with more of the £0-50 solvent. They weighed 169 g,
(605 overall yield from acetone, m.p. 123-4°, Vogel reports m.p. 1250.91
If a purer, colorless product is desired, distillation in an apparatus de-
signed for the distillation of solids is recoimmended, as the color is
difficult to remove by recrystallization,

L,4-Dimethylpyrrolidone~2,~ Liquid ammonia (30 g.) was added to 300

ml. of commercial 2-propanol cooled to -A0°C, To this solution was added
85.2 g. (0.6 mole) of the glutaric arhydride in porticns. The mixture was
alloved to warm to room temserature and Skellysolve 4 was added to render
the slush filterable. The crystals of amonium 3, 3-dimethylglutaramate
weiched 103.4 g. (9874 yield).

The ammonium salt was dissolved in 100 mnl., of water, and 24.1 g.
(0.59 mole) of sodium hydroxide was added as a 50/ agueous solution. Boiling
expelled armmonia, leaving a solution of the sodium salt, A 0.25 M solution
of chlorine was prepared by collecting, in 2,350 ml. of cold 105 sodium
hydroxide, the chlorine generated frem 37.9 g. of potas<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>